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AUTHORS® PHEFACE INTROLUCTICXS

Infrared rays are being increasingly nsed in various fields of sciezce and tech- The historic directives of the Niseteentk Congrens of the Communist Party USSR

* -‘nolcgy. The rising interest in this field of the upscirus of electrozametic oscil- **~ a the Fifth Five-Year Plan of developseat of the LSSl for 1951-1955 poiat out the

- lationg is therafore underscandable. ' ‘- ecessi ty of widespread autonatica of tke production process, aad of increasiag,
Turing recent yesrs nany works on the principles of physics and techoology of 220 i thin the Five-Year Plan, the prodaction of iasticscats for contral, sutceatios,
.- the radiation ard registration of infrarcd rays have appeared. The zathors of the

. book have set themselves the task of systixatizing and svmmarizing these scattered

“—ud iclewechaniis by about 2.7 times.

= dat A puaber of such ipstruments use elmieats o) infrarad technoloxy. Infrared
__daca.

In this book, presented for the attestion of the reader, are the principles of ‘technology is s new branch nf sodern techaical physics, covering a wide raare of
"~ the physics and technology of radiatien, prupagmizon, and recetpticn of infrared rays probleas cumnested wich the physics of rodiatian, propags”ios, and recordiag of ia-
- —mclndmg a oumber of data of handbcok character. ~:_frared rays, with the techeology of develapmest ssd manufacesre of iafrared radi-
s This review makes no claim to exhaustive coveragz of the questions discussed, _:llorl. with the technology of the Aevelopmeat of ixdicators (radiatien reccivers),
5. since it is one of the first attempts to systematize the materials ia this field. It . 15__special optical systems and optical filters, and with the 2pplicstioa of these elc-'

maj be used as a handbook and a textbook. Tments to various scientific resesrch fields, as sell as to indusczial aad wiiitary

- The introduction, Chapters I-VII, and Section 75-76 of Chapter VIII, See- ~“purposes. .

3o . N °
| —tions 82-84 of Chapter JX, and Chapter XIII have beea writtes by T.AMarmlia; See- - The development of infrared technology is isseparably liaked withk the names of!

“}—tion 17 of Chapter VIII, Sections 73-81 and €5 of Chapter IX, and Chapters X to X1l
- our greatest hnssiaa scieatists.

o
7 =" by the late N.P.Pomyantsev.
7y e e Y . | I 1878, the cutataadizg Fussisn eiectrode uclmohpu. PN, Y-blocnnv iaveated

,,—a radiator with za incasdesceac body ia the forw of 3 rod sade of a mixture of ka-
-jcli- aad magnesia. This radiator is a very good susrce of unirared rays asd is

—therefore wicdely nsed in various scientific stadies.
Ia 1888, the ocutstanding Pussian physicist /.G.Staletov was the first to give
—a scieatific explanation of the ph of the ext 1 photoelectric effect,

4

TCaviiTien Tts Tairc lovs, and constract the Tirst prototype of the photaslectric
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In 1895, the arest lussian physiciat P.N.Lebedey desizmed the first preote
":l!o! the vacuum thermoelectric cell, one of the basic forms of indicators of infrared
;_]nyl. T
v

In the postwar years, Soviet industry achieved great success ie the introductioa
_"nnd mass production of various forms of modern infrared instruzents to meet the re-
CHAPIER 1

i _quircnenu of the nationcl econony. These instruasnts, designed under the gurdance
'?  and participation of great Soviet scientists and specialists such as A.A.Levedev, BASIC COMCEPTS AAL DEFINITIONS BELATING TO RALCTANT ENERGY
- :G.S.Llndxberg, G.G.Slyusazav, A.X.Tudoruv skiy, I.A.Shoshin, and others, are superior —&ctio. i. Redicat Ener
i B in a number of baaic parameters to analogous foreign prototypes, which is evidence Th eacrgy of visible and iuvisible rays is baown as rediset cacrgy. Fadiation
V. of the high sciectific and rechnical level of the mechanical optics industry.

The design of the individual elements of infrarec¢ tectaology and the solstion
2. 2of the coaplex theoretical questions were propegated by the Soviet scientists
;u_‘jS.I.Vlvilov, A.A.Glagoleva, Arkad’yeva, M.L.Veyngerov, B.P.Kos7yrev, M.A.Levitskya,
+ TN.C.Sairnov, N.N.Teresin, P.V.Timofeyev, N.S.Khlebaikov, V.V.Shaleykin, snd maay Table 1
. :otben. i Relation betweex Lmits of Measwrement of Zaergy

There ia no doubt that in future ye-x"l, infrared techaology will make new aad “s
taic - cal keal

1erg 107 3 2.3x100 | 239x 01!
1 joule 1 €.239 2.39x 1074
1 kilojoule 10% 29 0.2

1 cal 4.18 x 107 418 4.13% 1073 1 103
1keal 4.13% 1010 | ¢ 18 103 4.18 10* 1

;‘_‘nve xechanics of light, others by the quantum theory. The wave properties are due
,.to the fact that light consists of electromagnetic waves. The quantus properties
L -are characterized by variations ia the energy of light ia defimite portiocas knowa

—aa light quaats.

This is also tree of the radisat eaergy of the"i—;vi;x.hle |;-u of the spectrem.

§2e0 ?
i — If radiaat emergy is absorbed by btodiea on the pxth of its propagatios, it is
5o, e L U B [ —
—p—— _.traasformed iato other {orms of emergy, thormal, electrie, or chemical, with the law
<

=
S§_J
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luf comervation of energy beiny obeyeds "_qumcy at whirh cne full oscillation takes place in cae secead
PP Hadiant enersy is veasured in eres (ers); joules () sad caloriea. (cal)o . e . The prupsgation of cscillatory (wave) motica ia aay sediva is characterixed by:

the rarelength A, equal to the distance Letwzen the two nesrest poiats cor-

o
‘l’l'uble 1 gives the relati- ns between these units.

R o responding to the sme acplitades and Jdiffering ia phare by the period T;

. . s 3 ’ E
T.Section 2, Quantities Characterizing the Oscillatory Process : . the velneity of propagation of the wave rotion v, equal to the diatance ac

{ . Electromagnetic oscillations arc characterized by ihe s fupdazental quantity - which the wave is propagated ir woit time:

12 as mechanical hamonic nacillations.

’ N B :
, If a point executes hammonic cacillatory xotions sbout » point of equilitrium, - "3 (2}

- the deviation y from this pasition for any instant of tise t is found from the formiis

Ic a mediss with a refractive index of o, the veloenty of propagation of the

le
c__nve sotica will be

y * A cos (2% ; + 8 < @
a

>, where A = amplitude of oscillations (eaximum deviatiou from the position of equil- i light in a wediua with the refractive ia-
ibrium); .
T = period of oscillatica (time of one full oscillatica): Table 2
9 = initial phase (quantity defining the deviation from the point of equil- .
ibrium at the initial instant ;‘- 0). N Relations betweea Units of Ravelemgth
By laying off the time on the abscizsa asd the velue of the deviation y om the

ordiaate, we obtain a greph of the hammonic os-

- u - X

cillatory motion (tig.1). 1 102 10% 1 19 1013

; L e ais enll 02 1 10 104 107 100 01!

The quantity 2 X i ? is ealled the phase . 163 o 1 10? 108 107 1ie

of the oscillations at the inst#at of tire t. 1078 P 163 1 103 108 107
0-? 17 106 107 1 10 104
pLad 108 17 - iogd 1 108
11 10 1010 0! 104 103 1

3]

iy

After every period, i.e., at t eqal to T, 2T, s,

ete, the deviations y are the ssme in magnitude
A

- . .. _ and sign, for example at the instants ol ciwe ¢
Fig.1 - Graph of Harsioric

Oscillatory Motion 2nd tg. This correspoads to the sxas phase of The waveleagth A, the velocity .5 lifh‘ c, the period T sad the frequeacy v

oscillation, are correlated by the radistiea
[
Tha nusber of full cyclva of oscillations in unit time is called the frequency ‘
A=cT = - {9
v

of oscillations v. This quantity is reciprocal to the oscillation period. The

ycle (c) han beea adopted as the unit of oscillatica frequu:cy.- This is the fre- Electrossgnzlic wavas have a very wide range of wavelengths; therefore, oo

STAT
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th th::;;u of 1 -ga;-;ed—lo; l;;c';luring radio waves (m, m, ), write
ike the micron (u}, millimicron (sp), Angstrow (:’().‘lml roentgea (X) _are also used
n the short-wave region of the spectrun. Table 2 gives the relstions Letweea thess
units. .

Section 3. The Spectnw of Electromsgnetic Waves

1o The totality of all clectromagnetic waves forus a spectruas of electromagnetic

|+ waves with wavelengths from 1 x 10°11 t0 3 x 1010 ca.  This spectrua can arbitrarily

Tabie 3

Scale of Spectrum of Electromagnetic Raves

Tavelength

Spectrom region Iz conventiomai wmits inm

Low-frequency occillations longer than 20,000 m

Long 20,0600-2020 m
Medivm 2000-200 =
Shore 200-1C m
Ultvashort 10-0.5m
Microwaves shorter than 0.5 m»
Leng-wave
Medivm-wave
Short-wave

Longer thaa 2 X 1)
2% 38 - 2% 108
2% 0% 2x 3¢
Zx 108~ 1% 10%
1= 168 -0.5x% 10
shorter them 0.5 < 107
420-10C 1
100-15 1
150.76 u

7600-6200 3
6200-5000 A
5900-5600 3
5600-5000 A
5000-4500 3
460-4500 A
4500-4000 X

w0 A
50-0.04 A
40 X and aborter

4.2% 1077 15 1 x 1672
1% 102 w0 1.5 < 1078
1.5% 1073 w0 0.76 x 1074
0.76 % 10°% w0 0.62 % 104
0.62 % 1074 o 0.59 x 10°%
0.59 % 1074 o C.5% x 1074
0.56 % )4 to 0.5 % *~4
0.5% 10°% 15 0.48 x 10°*
0.48 % 10°% w0 0.45 x 1074
0.45 % 1074 1o 0.4 % 1074
0.4% 10°¢ vo § x 10°7

5% 107 1o 4% 30710
4% 10°1® 401 shorter

Ultraviolet rays
X-rays
Gemma Tuys

R —_—jbe divided into acparate rcgions which, ia part, overlsp.
52

— Figure 2 gives the range of the spectrum of elcctrowagnetic waves on a logar-
3 N S
:Li'ﬂ\mc e
S;’-_;__-
201

" Table 3 also gives the Uivision of the Tpectrun inte Scparate re-

0
-~ gions.

' The gaawa tays are the extrese, shortest rays of the spectrun_sad_are rrdisted

4 .
’_“;by radicactive elements.

X-rays are very skort electreoagnetic waves exittid by mnd'.cdiu'zuﬁrk' ty

~-hugh-speed electrons. A-rays have high peaetratiag jover and act strongly on the

‘. :bvnan organisw.
- The regioa of ultraviolet ravs is tounded Ly the regions of N-rays and visitls

rays. The electric arc, as well as quart: asd zercoey lasps, are good techeical

_ sounrces of ultraviolet rays.

* : Cltraviolet rays csa Le dete:tod by photographic zethods, ty the fluoresceace
" and phe=phorescence caused by these rays, aad by ceans of ;botocells and :kerso-
“electric cells.

- The visible: rays cccupy the narrosest segzent ia the electromagaetic spectrua:
S7~0.4-0.76 u. It has Leen demcastrated by Soviet scieatists, particelarly by
Zt:N.l.Pinep'.n, that the Loundary of the =isille region of the spectrum is detersined
--_Ly the pover of the radiatica suSice and the degree of adsptaticn of the eve. Thes,
. Tim thes infrared regioa of the spectrum, thie threshold of seasitivity of tha eve goen

—lor iiaveonds of' timean-

as far as 0.85-0.90 i whea the pover of the radiatice svurce is iscreased by kundreds

T e properties and tegions of applicatios of tke visible

:xays are keown from courscs im physics.

Iafrared rays, invisille to the eye. occopy the regioa of the spectrum frem

Ii—skoat 0.76 to £0-420 u4, lying betuveea the red rays of the visible part of t:e spec-

4{—trom aad the nltrasbort radie waves. They possess the samd properties as the visible
:::l.nd wiirsviolet rays, i.e., their propagatiom is rectilisear, aad they sre refracted

— . - . f
++_aad polarized. I:frared rays are radiated by the outer electrons of atoms md moie-

:::ml'a as a risult of rotury amd oscillzzory moticas ot" the solccules.

. These rays are sometires called thermal rays siace their radiatioa is de-

S’L:iemined by the temperatare of the rcdiating body, ,
The metbods of excitatica aad detecztica of iafzered rays vary accordiag to the
—xpectral areas. L l"
K\e——r;;::::h-;: r-ay—;:a.y be zrhitrarily divided inlo three regicas of
e - - . B A it A gt

s STAT
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Tthe spectrum: short-wave (0.76-154), sediume
“:[uve (15-1001) and long-wave (119-420u). The.

“Yahort infrared rays (0.76-151) are the most

¥
¥y o

{

!

B O Il Tl O 0 B R

_Tully investieated and utilized in technol-

w0l

© ogy. They may be divided into scparate
zones according to the type of receivers

1. used.

Infrared rays of a wavelength from

7

= 0.76 to 9.3-1.5u are detected by pmotocall.s

11
4)

13_ %ith external photoeffect, by specialiy
29 trested (infrared-seasitized) photographic
s~ plates; and by the methods of extinction

N ;:ui rhosphorescent screens. For the record-

”.
s &) Visible rays;

3) Ganms rays

.. Ting of infrared radiation in this zoae, =l

..—forma of thersoelectric raceivers aad photo-

—cellx with internal photoeffect aad with .
W

]

photoeffect in the blocking layer are also
k]

Sources of infrared rays ia this por-

_tion of the spectrum are electric incaa-
3

descent lazps, various gas-discharge laaps,

Fig.2 - Scale of Epectrum of Electromagnetic Waves
8) A (Logurithmic scale); b) £, cps; ¢) Name of
upectral region; d) Low-frequeicy oscillatious;

o) Hadio waves; f) Infrared rav
h) Ultraviolet rays; i) Xerays;

"and all heated bodies with tezperature
Jf:lbovn 280°K.
To detect waves of waveleagth from

1.2 to T8, photceslls mith internal photes

K-*;:ffect. are used, as well as all thermc-

— electric indicators. Sourcea for such

waves are electric incandesceat lasps,

-high-pressure. and extreme-pressure REXCMLY. . .

:_ lagps, special rod sad cep radiators, and

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6
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a1l heatrd-bodies with teaperatures above 70%K.

- The Louadary w»avelength of 15u for the T o 138 portion of the spectrus is de-.

T, . . . .
_.ternined Ly the absorption of infrared rays ia the atsosphere; water vapor, almays

" _present in the atzosphere, alsos: completely absorts iafrared ravi ¥ wavelenaths

" loager than 14-15n.

: Sources of infrared rays of this part of the spectrur are 21l Leated todies of

~ tezperatares atove 45°K as well as rod and cap radiators.

o

Yafrared rays cf the long-wave portioa of the spectrum have not vet Leea

" studied ruch. Their sources are all bodies at texperatures alove absolute zero; lat

:— the enezgy r=diated by ther is so =all that it can hardly be letected by senszitive

+l— therroelectric receirsrs. Works by the moted Soviet physicist A.A.Glagoleva-
.":‘Arklo" vera are devoted to this regien of the isfrared spectrzx. He has Luilt a
."jspecill radistor (zass “radiator® emittiag infrared rrys of warclesmgths cvp to aleut
o —;l).l ). .

. fadic wavea are waver vhich bave waveleagihs from xilliseters to a few kilo-

~_:tn!en, aad are widely used for rsdic coscunicatioms, radio broadcastiag, radie le-

"~ catiop, televisica, etc.

Low-frequency oscillations have thke loogest wavzlessth. Their sowrces are ia--

. dustrial alternzting-curreat geserators. :

3
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Q:SSection 4. Energetic Quastities H

o_ Radiant energy-ani all quaatities related to it are measured in energetic or

::lighi-t;;hnii:-l units according to the :pgctnl composition of the radiant energy

;___and to the features of the receiver used for the neasurement. Energetic quantities
are used when the receiver reacts in the sene way to radiant energy over a wide

;—nr;ge of the spectrue of infrared rays. Receivers of this type are called nonse-

4:—-l=|:bive. Such recexvers are, for exomple, therwoelictric cells which transform ra-

iant energy into thermal energy.

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6
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ENERGETIC AND LIGHT-TECHNOLOGICAL QUANTITIES

[ (s)_

t

Radiant flux is sessured in nnits of power. The relativas Lotweas these units

':-re given ia Takle 4. -
V

Table 4

CHAPTER 11
Relations betveen Cer.aia Umits of Power

it erg/sec cal/see were

1 erg/sec 1 2.39 x 10°%
1 cal/sec 4.18 % 107 1

1 vate 10 6.229
v 10" e

P et

Energetic Pover of Light

X

The enerpetic power of bighe I, represeats the radiant flux per unit solid

_ -~ angle v, through which it is propagated:

as

If selectire receivers shose reactica depends on the spectral cospositioa of T " 5o (6)

the radiant energy are used for the mezsurement. (such as photocell or photographic

plates), then the selection of the unit of mewsurcnent depeads on the band of the

if the radiant flux is uniforsly distributed witkia the lixits of the solid

pectrum in which the receiver operates. In the infrared region of the spectium ca- ¢

ergetic quantitiea are usually employed. For measuring radiact esergy ia the vis-

m

ble resion of the spectrum. optical-engineering units are used permitting sa evalu-

" ation of the perception of light by the eye which reacts to a radiast {lux oaly ia

the visible region of the spectrum. . . .lbel.

Badi=at Flux

—

‘The quantity of energy radiated (absorbed or transferred) in uait time is called

the radisat flux &

4 i _1f,- duriag-the time-iaterval t, the sadiant energy X ia radiated, thea the ra-.

(5. divat. Hlukeo -

: —
i Note. I{ the area S, equal to the square of the radiuz nf the sphere r is cat
: ., —out of & sphers aud the boundaries of this azea are connected witk the ceater of the

r—‘lpllue. thea the solid aagle will be equal to uaity, since at S = g2
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"7 Therefore the solid angle, cutting out on the surface of a sphere an ares emual!
to the syuarz of the radius of this sphere, is taken »3 the unit of solid angle and
is called a steradian (ster). ,

The solid ungle © is related to the ;:Itlnne angle a by the relation—
W = 2%(1~ cos @)

The quantity & 13 dimensionless.

'
i
i
H

Z Egergetic Illumination

The radiant flux incident on unit irradiated surface is called the energetic
- illumination, or surface density of incident flux, and is expressed by the forxula

t
- (10)
ds
where dS » element ¢f illuzinated surfac
d4 = flux incident on thia element of surface.

If the surface is illusinated &y = ;-!:)iat. source over the definite solid

angie du, eq.(10) tskes the form

(11)

31—  Fig.3 - Diagrem for Determining
- Erergetic Illumination

Let us inagine that the roint source of
light C (Fig.3) with the energetic light intea-

47- sivy Ie-; illuminates the surface elemcat dS in the solid augle da. Then the solid

¢ -—angle in' which the elemeni of surface is illuainated is equal to
du = ds cos &
2
. i
| . .
_ —'where & = angle formed by ray incideat on the surface and the norsul N to it;
5 )

r- diu-nce from the source to the center of the area dS,

t.unag the value of do from eq (12) in eq. (ll), we ;et

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6
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S Rl SSRGS § & ) 2
": ® con (3.

Equation (13) cxpresses the law of iaverse squaves, accerding to which the il |

'_:lumnauon of a surface is directly proportivnal ro the light intensisy und inversely

"~ preportional to the square of the distance Letucen the radiator and the irradiated

Y- surface.
e Energetic illumination is measured in watt/ca?, erg/sec-cm? end cal/sec-cal.
16 o H
-- Enerpetic Luminosity {I1lucination) !

1o .
o The radiant flux emitted by unit of radiating surface is called the energetic |
- : lovinosity, oc the surface density of the radiant flux emitted. The eaergetic .lumi-

Tnosity is defined by the formula

ad
a8
-~ i
" —where d¢ ia the radiant flux radiated by wnit surface dS.
Brishtaess and illunination arz wensured in the same units and differ only in
‘4: that the brightzess charncterizes the -adiation from this surface, while the illumi-

zation characterizes the incidence of the light flux on a surface.

tfnergetic Brightness
.

The radiant energy enmitted by unit surface in a spezified direction is called
:tnugetic brightness. The energetiic Lrigitaeas B,y is equal to the quotieat of ea-
:er;etic lunioous intensity of a surface weasured ia a givea directioa by the area

of th> switting surface projected cato a plane perpendicular to the direction com-

. en:rgeuc lumnu\u u:z:nnty in th gne-

e
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@ = angle Letween normal to the surface aad the given directioa.
__ When & luminous flux is emitted unifornly in all directions, the energetic

“‘Yrightness is defined by the forsula

1.

Faergetic brightness is messured in watt/stez-cm®.
- &

\ " The Cosine Law. Relations between Energetic Qusatities

—

15

The variation in the energetic luminous intcasity of light, depending on the
E:direction, obays the cosine law in most cases: the luminous intensity of a radiating
:3_ surface of uniform brightness is proportiunal to the cosiue of thz angle of radia-

4+ tion. In its matheaatical forw, this law .:xy be obtained from eq.(15)
-
ac ! . B. Scosa
Z".:rhem:e the luminous intensity of the rldi_tting surface is
i

I, = B §cos a

a-

The cosine law gives simple reiations tetween certain quantities.

From eq.(17), if the energetic brightness is known, we can detemmize the en-
J_’:e:gc:ti.c Juminous intensity of the surface and, consequently, aiso the total radisat
o flux esitted by it:

;

4= xB,S as)

l f

f

R,, = %B,, (19)

Thua, the lumiiosity of a surface obeying the cozine law of radiation equals

54. jta-energetic brightoess meltsplied-by ® ——oee o = - oo

T _.Let ua find the relation between the illuination and the brightaess of sa

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6
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/O ——

i -—sidenlly scattering surface. An ideally scatteriag surface ia » surlsce reflectiag

) __:All tie incident light flax regardleas of ‘the direction of its.iscideace .aad dise. ..,

"’tri},uv.ing the reflected flux Ly the cosine law of radiation. A shite watte surface '

iz an alzost idesl scattering surfacel 7 77T

- A light flux incident on a surface is characterized by the illumination produced

V;by it on that suiface.

An ideally scattering surface completely reflects the iacident flux without ab-
* - sorbing any of it; £

't~ flux.

5 %0 " Ea (20)

ay therefore Le considered that it emits the same radiaat

Consequently, the energetic luminosiry of this surface

-2 "i.e., the energetic luminosity of an ideslly scatlering surface is equal to its ea-
., _ergetic illuminatios.

P Since the radiast flux is distrituted Ly the cosine law, the energetic brighe-

_ T ness is a constant quantity and, according to eq.(19), i» equal to {consideriag that,

~—for aa idcally scattering surface, R, = L)
P

B - E'I
o

1he properties of the eye play a substantial role in visusl seasuremeats of

.
radiant energy. Whea a radiant flux ttrikes the retina of tha eye, a photochemical’
—process takes place.

LRI N

certai

It ccnsists of the stizulation under the action of light of

a photosensitive Leminal nerve cells, the so-tlllei rods and cones. This

_—_‘ stizulation is hem iransmitted to the braia. ! h‘.‘i .
32— The cones constitute the apparatas for daytiwe vision, functioming at high il-;
El:lasinuiou._ud, the rads,. the apparatua for_ nocturnal_and twilight !i!iqﬂ.,(‘_!"__.‘

-‘f:.unnin&.l]ulo' illuminstions. The cones enable us to discriziaste color, simce _

—

STAT
-
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T TR I S D T S T o e e Seemen

T'they perceive the frequenciea of the 1ight spectram differentlys -
it _The curves for the cenes (C) and the vods (h) give che r,)ec._tr‘nl» senzitivity of :
he eye, constructed according to the data of Professor N.F.fedorov {Fig.4), :hov‘l
‘that the maxiwum of rod sensitivity is shifted toward shorter wavelength (A = 0.507u)
y 5%’ . with respect: to the maximms of coni: sensitivity

(A = 0.5551).
1}

Y
g

¢
4z
L/
'] A

GV a5 45 ass s 455 a7
a)

The time required for the sensation of
light to be produced is from 0,1 to 0.25 sec, ac-
cording to the intensity of illuzination (bright-

ness) and the wavelength of the light.

The minimus radiant flux ¢,, cepable of pro-

ducing a sensation of light in the eye is called

. _ Fig.4 Spec:;:lsi;pnn“ty ot the light threshold of the eye. The light
T K - Rods; C - Cones threshold of the eye is about 1 x 10°18 -
2: _+ a) Wavelength, u; b) Spectral YN

_ — senritivity in arbitrary urits §73% erg/sec.

The resclving power of the eye is charac-

terized by the =inixtm angle of resolution at which the eye is able to distiguish

12 two puinta or lines of an observed object. The wagnitude of the resolving pover is
uversely proportioaal to the angle of resolutioa. Under the conditions o1 norsal
3i_illamination and good contrast, thix angle is equal to one minute. As the illami-

37 _naticn decreases, the resolving power decreases since the angle of resolution ia-

creases, reaching 10-17' for obaervatioa in twilight or duak.
The eve is able to distinguish objects becausr of the contrast betweea the

:brighmes: {cr color) of an object and the background against which the object is
~—observed.

The contraat betweea the brightness cf aa object and that of the backyround is.

4o

. —defined by the forpula

_{

§o—

i S

BN :-hu. B, * brightanss of the object} .-.——. -

0..........._..,. e e e b —— - —

—_ By, = briphtness of the background. !
aed
i

Viinel (Subjétive) Method of Wessuring Badiant Energy ™™~ ~ " T T T

The visuul (subjactice) cvaluation of the quratity of radiant energy.is based..’
— B

-- on visuasl perception so that visual measurcuenta are possitle only in the visible

* - portion of the apectrun (0.4-0.761). Subjective photometers of various types are
' '_.‘uud as auxiliary instruments for weasurementls in this regioa.

: The visusl rethod of measurement, Lazed on a discrimination of differeat illumi-

natiun by the eye, has major drawbacks. The human eye is a szlective receiver. Evea

‘_—IiLhin the visible part of the spectrua, the sensitivity of the e¢ye varies over a

.- wide rusge, which has a strong effect on the accuracy of light messurements. More-
. :

_.aver, the eye can only approxisately estizate the eguality or inequality of light

fluxes, and this estinate is different with differeat people.
as

se__Section 6. Optical Engincering Quantities,

f'ibmirlgu Flux

X §
..

- The radiant flux of the visable pll’t‘lof the spectrum produces a different viseal

! _stizulation of the zye, depending on the spectral composition. The power of the ra-
i:_diact energy estimated from the light seasation ¢f the eye, is called the light

.
The huaan cye does not perceive the light flux uaiforzly throughout the eatire:
—visible part of the spectrum. Its maxicos sensitivity is to a wonochrowatic ligat |

:Ilnx of wavelength A = 0.5554. With increasing or decreusing wavelength of momo-
:‘): chromatic radiation, the sensitivity of the eye decreases.
B For wonochrouatic radiation of » wavelength of A, lhete‘_ui:u & definite re-
““— lation Levween the radiaat flux ¥) and the light flux F):
-

=
— i (23)

where V), is the mc cchromstic visibility chacacterizing the seasitivity of the eys

.. to a monochromatic light flux of a waveleagth of A Ly .caperison with the seasiti-
e vity of the eye to a the redisst flux of the snme . "o-l:;l.h T
B e e -—— e e wmm e m wre - - — o rtae ama b o gt i o STAT
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- In the general fore, for the entire visible portion of the spectrus, the light '
- .
—~ flux . - . el

A=0.16
Fv [ ¢ o ... . . o (24
r=0.4

The unit adopted for the light flux is the lumen (lr), which is the light flux
] 'V radiat=d 5y aa uncovered radiator {an absolute hLlack lody) at the solidijication

‘temperature of platinum (2)45°K) from an area of 5.30% * 1073 .

'

1y

Leainous Intensity

The luminous intensitv I is the light flux per unit solid angle: w witkin which

F _Fr?
A (25)

Cn radiation within the total sclid angle w = 4x, the luminous inteamsity will |

i-
l
1=

S_A:whera F, = total light flux. =

3 The candle (cd), has been wdopted as the unit of luminous intensity. Aa im-
‘._ftzrn:tional candle is the luminous intensity that a point source radiates ia the
;:—direcdnnn 1n which it emits a light flux of one lumen distrituted within s solid
,—sagle of 1 ster. ]

”‘: hnowing the luminous inteasity I of a source uander the conditions ol""ulifol-
l::distri.bntion over the solid angle w, the light flux can bte calculated by the re-

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800120001-6

s
Fe—0r . L2
3 (28)

Is the total solid angle @ = 4%, the light {lax is
F o= at (29)

1f the luzinous jotensity of a source is equal to unity (1 cd), thea the light
flux emitted by 2t will e 12.56 luxeas.
If a point source of light radiates a light flox withia a solid angle of 1 ster-

“adisn and the iwminous intensity is 1 casdle, then the light flux is ] lusea.

Erightnesa

- The brightness B of a radiating (or reilecting) surface S ia a givea direction
- 1is the quotient of the lumincus ictensity I in this direction to the projectios of
"7 the surface S on a plane perpendicular to the sawe direction:
I

N Scas a

B (30)

::_Il'ere 2 = angle Letween the given direction aad the norxal to the inminous surface.

The relation between the brightaess of an ideally scattering surface, to *hich
-°-- the cosine lav of radiation is -ppl’icnble. and the light flux is capressed by the
1. forsala

F
Bz (31)

The following units are used for measuring Lrightness:

Seild (sb). whaich is the brightaess of am extresely small plane surface equally

" area in square centizeters is equal to unity, the brightaess and the luminous ia-

tensity leing determined im a directioa perpeadicular to this surface:

1ed
1sh = ——
— 8 lc.
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Ig=BScoma . ... (33

i 1wk = 1000 ob

decimillistilb (dnsb), one ten-thousaadth of a Btitbio e s e el Lo

. '
—t !
R : T ness is proportional to the cosine of the angie a.
I 1 amsb = 1°% ab ! . . .
el [ The light threshold of the eye with respect to brightnrss it equal to 6.4 %
. Table 5 gives the Lrightness churacteristica of certain light zources i o 10-11 ob.
. . s
Ve ' ' : At a brightness of wore than 1§ sb, the eye is blinded.
A Table § ' ra—
1 - . The regiva of great st sensitivity of the eye to white light correspeads to a
i . . s r3 R Ligh &’ -
T Prightneas Characteristica of Certain Light Sources N Lrightaess of 0.0064-0.064 sb.
20 Light Source - Drightness Light Source Drightness ca L. .
P~ Illvwination .
— [ sb T - N
Sra 22
. £ incand . P cgr s P o .
2 : Extresc-preasure are 280,000 E‘Zn{:?;: ‘l’:q‘)banntt/c;) 150-200 - The illuxinatiea (or specific illumination) E represeats the snrface iight
- Neor: point lawp 2 "density of oa incident light flux, i.e., the light flux F incideat on unit surface S:
sc _ |Surface of mm visibie from Acetyl 1 s . .
. |encth 165,000 tylene 1lame ¥
EEN Cep tarmer 4 Erg 36
| Vhite paper, illumimsted s
{ . [Migh-intewsity arc (200 arp) 82,000 by s 3.2 . !
T High-intensity arc (150 amp} 60,000 Kerosepe flame 1.5-1.2 The specific illumination is connected with the brightaess by the relation
uj Extremse-pressuce mercury Sky covered by hue 0.8
34 |lmp 60,000 Stearine candle flame 1.0 EnxB . 35)
Ordinary arc lasp (20 wwp) 3,000 Sarface of moom 0.25 ‘
. Sy in orercsst weather 0.1 Thus to parc from illumination te hrightness or vice verss, the correspoading
2__ |Special incandescent lemp 2,900 . . 37
Motion picture projection lep 1,600 Neca Lulb vith flat electrodes 0.05 quantity (E or B) sust be aultiplied or divided by x.
T |Peine larp (230 watts) 1,50 Screen of wotawa-picture theater | 0.1-0.0005 . The iliuairacion of a surface of brightaess B, whea a light flux is iscideat
" Gas-filled tmgsten lmp ooaless night o 10 o
T ]00.5 watt/ed) 600 eas oight dy “--oa it st aa angle a, is expressed by tha forzala
t_ ! i

According to eg.(30), the luminous intensity rudiated by a surface of bright- E = Bucos @ (36)

:nen B, in tha direction of the aormal N to the surface is equal to

i
$¢_where » = solid angle witkia which the light flux is incideat. |

tom \ .

5'.‘5 | | 1-°BS (32) S0 The uniis lux 2zd phot are used to acasure illuvinatios. ‘

1 Wi ' . . . . A R !
H : " If the light is radiated at a certain angle to the noraal N, thea eq.(32) takes s :_: The lux (1x) is the direct illuminations on & sucfsce on each square meter of i

Qe e e e = s emmmnes 64 . ohich_lighs flux_of 1 lumen is uniforml ributed: ,

P e e e 55 :

: - . P e e e e e |
9 ) STAT]

. i o
. — . [ NI - e e . ’ - .

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6



Declassified in Part - Sanitized Copy Approved for Release

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6

1 lumen

1 phor. = = 10,000 lux

lcm

A miilighot (nf) is equal to one tbol;umd:h of a phot:

:

1 milliphot * 10°3 phot

Table 6 gives examples of various illuminations.
Table 6

Illuminations Produced by lertain Souwrces (im Lux)

Nlumination produced by sm beyond the limits of the earth’s ntmospizre
Ilwiination produced by sun on the eurth’s p
in mamer
in suwamm and apring
in winter
Ilhmination ca open place in cloody weathen
Tiimination necensary for exact work :

{ace at Doom:
por

'
i

Tllomination necessary for writing
Illminsrien produced by stivet iiphting
Ilhminati y for i
Illminarici: produced on carth’s surface by the moom

'

In accordance mith eq.(36) we may write

5t

)
56..light flux F, is the ratin of the light flux to the ares of the radiatiag (or_re-
i

~ie—The lumizosity B or the aurface lig,ht_d_engi'.yjnl_}hg_ndia'ge»d_(_gt_rgﬂggt_eﬂ‘-“

Mecting) surf '" ; i
t

S ner
S

JR PR ¢ ) S .

If the cosine law of radiation is spplicable to the surfece, then the followisg

- _relation exists between luminosity K and brightness B:

L S
. 1

B~ xB 39

LR

If the susface S is illuninated and cozpletely reflects all the light flux (e

e
—vperfectly diffssing surface), thea its lusinosity will be
I .

R+ E (40)
_vhere E is the specific illuaination of tke sarface.
In this case the illuminated surface acts as though it were a source of light. .
The difference between the illumioation and luminnsity of a self—ln-in;m: ser-

.face iz that the illumination on the surface is defined by the light flux Fi . fall.

c.
.- ieg oa ix, whiie the lumirosity ic deternimed by the reflected light flax Fretfl.e
. The reflectica of the light flux by the surface is defined by the ccafficieat
— ; '
i
32_of reflection p:

.
—
s}

3z Heace the laminosity of a surface that does not completely reflect the lominows flex

ir defined by the formmla

- Fret1.

1 PFeqy.
X ————
s

E
s 4

The radphot and radlux are used for seasuring tha luminosity.
The radphot (rf} is the luzinosity of a mniforsly radiating plaae surface that.

50 emita into a hemisphere a light flux of ! lumea from aa ares of 1 cal:

'
v

i . 1::-11-/17-’=

sed

i A radlex (rlx) is «qual to one tea-thowssadth of '« radphet:
56
] .
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R LA S

" Section 7. Conversion of Fnergetic uentities to Optical Quantities

In measurements, we usually have to do with radiation of complex composition.,
The anvisible portion of the spectrus is cliaractcrized by energetic quantities .

and the visible by optical quantities, '

) For measuring radiant energy, an objective method is used, hased on the trans-
-forwation of radiant energy into other forms of energy, and a visual method based

N on d\e‘perceplinn of light by the human eye. I2°

i3 therefore important to establish the relatioa
between the measured energetic und optical units
of light flux, allowing transitioa from energetic

to optical gquantities.
Aszime chat sone nart of a cozplex spectrum
. of radiation oi a source is bounded by the save-
Fig.§ - Curve of Relative I
Visibility leagth X and X + d\. If we measure tie flux of
) Yarelength, u; b) Hela-  this part of the spectrum by both methods, thea
tive visibility factor Ky

the ratio of the light flux, measured in luxeas,
‘!.o the radiant flux, weasured in watts, is called the visibility factor (V)) or the.

blight. vield of the raliation for a vavelength of \, Jdafined by the formula

s = F
3 49
i

Thy value of this factor depends on the wavelengtl:. since the eye does neb-reset
-uniforaly to different waveleagths. The v’alue of V) asymptotically teads toward
vxem at the boundary of the visible ~~-tion of the spectrum, and has its maxisum
i(Vay) at 2 vavelength of about 0555, |
i)

| The ratio of the visibility factor for a wavelength of X to the maximum value *
(o thia factor (V,,.) ia called the relative visibility facior Ky fo

T a vaveleagth

Ay
X\ "v::- O, ot

H
5
)
‘

The variation in the relative visibility factor K) sccording_to wavelength A _
.:nly be represented i the forw of the relative visibility curve zhown in Fig.5. The:

‘values of R) are plotted on the ordinate aad those of the wavelsapgth on the abscissa.

- At X = 0,5554, the curve has ite maxizum shich ix srbitrsrily taken as wnity. To :
| 1
. determine the absulute vsluer >f the visibility factor V), the ordinates of tae
LI S,
__ curve must be zultiplied by t~+ value of V,

max®
= Ths quantity reciorocal to the visibility factor (the luvinous efficieacy of
13 radiation) is called the specific radiation consumption. At A * 0.555s, i.e., at
<o _maxizua ieminous cfficieacy, the specifictradiation consumption has ita minimom
20 velue. .

2 The minimua specific consurption is aiso ca)lad the zechanical equivaleat of
—lighe. .
. .
$.0315 v/lm {45)

i

The mechanicnl equivalent of light represents the Sinimum power ip watts aecest
31— sary to produce s light flux cf 1 lumea at A = 0.555u. 1he mechasical equivaleat of
:-X:_ light permeits establishing the relation betweea energetic and optical maits. :

!
On the bazis of eq.(45), the maximum' visibility factor is: .

Voer * 3 " 670 1n/e 48)

The ratio betwees *h= usmiities Kx. V) aad W is defined by the expreasioas

“n

(48)

1f the distribution of the radiaat flux aloag the spectrum is expresaed by a
:6-~CQrtlil fonctioa {(A), the radiast flux will b: o T
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el LI (3. S
i To determine the luminous €lux as that part of the radiant flux perceived by the
.—eye, it is necculry.lccordinp to cq.(iﬁlv)n;o mul';ipﬁl—y- ‘the Av‘-l_n;e't;fnv:.ge-ruli.;n_l— flux

—jfnr each wavelength A by the corresponding visibility factor V).
)

b .
. Inteprating the resultant product, we obtain the value of the luminous [lua:

A=0,76 A%0,76
L2 A {09 ) ) S AU A (9} S (50)
Ame. 4 . A=0.4

For an spproximate calculation of the luminous flux as a part of the radiant

—{flux we can use the equation {
. i
iza '

ira
B 2 gvy=v,, I &K
im1 i

j'f"here #; = radiant flux in the wavelength range from A =i to A = + 1;

n = number o intervals iato vhich the visible ragion of the spectrum is ar-'

"—_bitrlrily divided, for convenience of calculation.

Table 7

Principal Energztic and Optical Yalues

Energetic quantity Formala Unita Optical quentity Formsla

Redisat energy W=J &de | erg, j, cal | Lucinous emergy W = Ft

Redisnt flux [ 2 d.!

de

Energetic luminous 1 ob
intensity

watt,erg/see | Luminous flex F=In=n1

watt/ster Liminous inteasits

-
"
.

-}

o

-3

N Energetic illumination I'- - ;—; watt/en? ' I1lwmination

™
[
"

Pl

=

Energetic lminosity n,.-z:is /o Liminosity

1 . . dr
Energatic brightnesa B, " d—g' waty/ster/ cm?| Brightness

=
L]
DI P th e gy
L] L]
v
o m
]

]
"

]
—
=4

s

!
'

Sad |

:::S;:—-;-t.ion 8. Beflection, Absorption, and Transaission of hadiant Energy

If the radiant flux # is incideas 'a;:'rc surface-of -x -body ‘S,~thes ‘a—jortion-of
& — the flux ¢p is reflected (mirvor or diffuse reflection), another part & passes
through tha body,wnd, depending on its refractive index, changes its direction, shiiie

12— a third part ¢ is absorbed L+ the Lody.

- The total flux ¢ equals the sum of these fluxes:

16
HEE

1
1

P
12

.

o

On dividing toth sides of eq.(52) by 4, we obtaia

5
5

"
i

IF
I

Let us deriote the ratios:

AN RN

4
n

(54)

The ratic of the reflected flex to the incideat flux is called the coefficieat
:ni reilection p. ;

— The ratio of the flux passiag through the lody Lo the incidant flux is called

'“’:d:e coefficieat of tranasissiona t. t
40

The ratio of the absorbed flux to tha “ncideat flux is called the coeffizieat
1—of abaorptios a.

It followa from eq.(53) that the followiar relation exists betweea p, T, aad &:

prv ‘a=y (55)

]
Accordiag to the state of the surface, the reflection of the incideat flux may
:o_be of the wirror type (angle of iacidence eyual to angle of reflection) or of the

54 diffose type (scatvered).

Mirror refleciion i3 givea by polished surfaces, and the value of the coef«

CIA-RDP81-01043R00280019000
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ficient of reflection p depend on the degree of polish of the surface.

Rt Table O

Coofficients, X

Type of Material T Thickness of
moerial, v . CHAPTER 111

Transparent colorless glass About 8 1-3
Matte glass (soni-blasted 12-15 1.8-4.4
inside) . e
Thick enal glass 30-76 42 1.3-6.2 - Section 9. Therral hodiation

1 f - . E o
??:}.;‘gx.:nﬂdu -0 +6 1 . The process of conversion of the therzal energy of a tody iato radiact energy
Polished marble 50-61 7-47 - 3 —is termed thersal radiatioa.

Mabaster (gypam) 8333 1-16 3 T )
Thin :h; parciment 0-50 10-15 E _ The therzal state of a tody is chazacterized by its texzperatare, and therefore

Light paper 33-40 13-20 “"7 thermal radiation is sometizea called tocperzture radiatioa.
Dark paper -0 17-23 P o _ T - ies cent " 1 .
White silk ™ s E - wo bodies of different. teamperatnres transsittiag heat to each other will, afser
¥hite paint 67-50 n-2 . a certain leagth of tire, assure the samse iezperatuze, i.e., enter iuto therzal ejqui-
Black velvet 0.4 9.6 )

Black cloth 12 ¢ 58.8 .7y _librina.

THERMAL RADIATION ANL ITS BASIC LARS

If a heated body is placed within an eavelope ixperscable to radiatioas, tke

ER - The coefficients of transuission and absorption depend in a complex manner oa ., —walls of the envelope, absorbing the cnergy radiated by the Lody, will te heated,

B the chemical composition ané strr-t==s of the ==totaacc. Fai liguid and geocvus ’ " Zand will ia tura comsenc: to radiste spergy which will be abzorted Ly the lody. As

Lodies, the value of these factors also depends on the size and zumber of the in- result of this heat exchange, the hcated body.and the surroundiag eavelope will te

. —Section 10. The Absolute Black Body

A tody that coepletely absorbs the jacidest radiast flux and possesszs maxinam

- power of radistica is called an ideal black body, aad its radiatioa is termed blacke

| :body radistioa.

¢

In nature there are no bodies haviag t-tal absorptive power. The most ab-

_{somtive materinls, laapblack, platines tleck sad hissuth black, absorb akouwt
.:: 96~96% of the indicent radiaat eaergy falliag.
54 An-idesl-black-body way, hosever; be-artiiicially preduced.. A artificial tody

’:’?m&c)onlya&pmnbiu an ideal black body was first proposed ia 1893 Ly the

[ S
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wmous Tusaisn physicist V.A.Mikhel*son. |’

__Thas body, whose diagraa is shown in ‘t‘ig.s, conzints of a hollow sphere with

narrow openings and a blackened inside surface, whose absorptive power is 90%. If a®
flux of radient éﬁer’gy is directed through the opening of- '
the sphere, 90X c:I the energy is absorbed wxkea the ray I
strikes the inside wall, shile the radiant flux reflected
by it (10%) then strikes the wall; on 2 second ref{leclion,
the energy of this flux is reduced to 1%, and on the next
reflection tu J.1%.

If the radi;ut ilux emerges from the aperture after a

Fig.6 - Diagram of
Absolute Black Body

triple reflection, then the total absorptive power of suck

a body will be equal to 0.999, i.e., very close to unity.
The inside suiface of such a body not only absorts but, on heating to a certain

:I.mpenmre, also radiates like ap ideal black body.

- At present, a number of designs of radiators of the ideal black-body type have
daveloped, Lul all of them axe based on the principle of the ¥ikhel’ason hollow

!
!

3" —Sectinn 11. Badimiing and Absorbing Powers of 2 Body

el

The radiating power of a body ey iz the term given tu tke radiant energy of
a definite vavclength A radiated from 1 ca? of surface 1a 1 xec at a temperature T.:
3ee Ulullly, e)y is measured in kecel, Im? hour. or in w/ca? (1 kcel/m? hr = 1,163 x
'_* 1074 w/ca?) ‘
- The absorptive powsr of a body a)y is a guantity indicating what part of the

* _ radiant energy incident os its surface, having the definite waveleagth A, is al-
i
.

_Isorbed by it at a temperature T. .

The absorptive poser of an ideal bleck body is unity for any wavelength, since:

t cumpletely absorbs ali the flux incideat on it. For all otlier bodiea, the ab- :
-orpun power is less thaa unity. i

The ratio between the emiasive power “of & body e)p and its absorptive power a)y

at & given temperature sad waveleagth 1s ‘constant for all bodies; this constaat is™"

I e —— e e e e -

s
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 the emissive pover Epy eal black body:

56

T
— = conat " Exy
nr

It follows from this equation that t);e emissive power Exy of aa ideal black
':l:udy is greater than the caissive power ejy of any other thermal radiator.

e In practice, the values of the eminsive powsr are olten replaced Ly the values

of the spectral cnergetic brightness
[

: '
T dBy
14—t bar * o

o T o
LE2
- and of the spectral energetic luminosity .

23

2_ 4Ry,
2 L% S o (58)
3y _where 4By and diy = the values of the ene;‘gctic brightness and luminosity, respec-
o tively;
: d\ = wavelength of the :onochmm-tici radiatioa. o
The total radiation of unit scrface of an idzal black body in unit solid angle:

—_
o is defined Ly the expressisa

(53)

Ara
w= J Expdr
A=s

To determine the emissive power of bodies, the physicist Stefan proposed the .

Exg = oT* (60)

_— vhere 0 = rrdiation constant;
48

T = absolute temperature.

‘The radiation constast O, determined experimentally, is equal te 571 =

5.
— % 10" “12 o/ ca? degt, or 4.96 X 10°° kcal/m? he degt.
54

“Stefan pmpo-ed thut the formula found by him should be used for all bodies! ™
36 . .

..J(_..___.._ PR [ - . . - —

_2




zhu dul war true only for an ideal black body, _ .. ... ...
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uz, Academcun B.B. Golxuyn (1893) hosever, proved theounc-lly

Tn technical calculations, ¢q.(60) is usually represented in the form

H

““where C ia the coefficient of radiation of an jdeal black body.

The value of C is 4,95 kcal/m? hr degd, or 5,71 X 10°% w/eat asg?,

When the arhisn: temperature T, is taken into account, ey.{61) assures the form
T, 4

4
Eg-clo) - (%)

100 130 (62)

The energetic brightness B: of the flux radisted in a given dicection, a: a

_.bhck-body temperature cqual to T, can be determined Ly the formula

By * 2 T* w/ater ca? (63)

The total power emitted by an area S of the surface of an ideal black body iam

all directions is proportioral to the fourth power of its absolute tezperature:

¥ = SoTé u/ca? (64)

The enissive power within the solid angle ¢, whose axis make: the angle a with

° the normal to the radiating surface, is Jdetermined by the formula

v-s;'ﬂu.u

"~ Section 12. Belation between Radiation Energy, Wavelength, and Teaperature

The noted Russian physicist V.A. Mikhel’son was the first to study the de-
pendcnce of the eaissivity oa the wavelength and temperature. He also made the
irst_attespt to determine the fors of this function theoretically, _ el

In the general form, the luw of energy diatribution in the spectrum of an ideal

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800120001-6

Exy " fQA,T)
The equation proposed by Vikhel’son had the forw """_"""_"_'~"_'V7~'._ -

e
Exp © CT’R“: Mr

From this equation, xors ptrticularly, it follosed that

2 -
2oaxT * comse

Eaax 7745 = conat (68)

Later stodies wade by %ien on the tasin of the Secord Lav of Therwodynamics and
v:the law of light presmire, divcovered Ly the outstanding Hassian physicist
P.i¥.Lebedev, allawed a more exact determiiation of the depndence of radiation ea-

_erey on X and T:
3
E - ——
LY 1((— (59)

J"_(Ilie'z < = velocity of light), aad yielded zhe 2quation of spectral eaergy distri-

':‘—buuon as a functioa of the vaveleagth A:’

4

Cy

i

L

Exp = CA-Se M

IS
S

.Ju'vu

viere C; = 3.7 x 10°12 u ca?,
Cy = 1,432 cm deg.

The ssme cquation as a feaction of the radiatioa frequeacy ¥ has the fore:

e S
by = vle

“an

Al
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O i e vs e i e o e m— —_—
— 1v follows from eq.(70) that, at a given tempersture T, ths radiation reaches
i

. its maximum -

t » definite vavelength A ... The relation between the temperature

-t
of the radiuting body T and the wavelength A, has the form
’

* ccast

MexT

The numerical value of the conatant in eq.(72) in 28921 deg, whence

) --.where A, . iw expressed in microns.
It follows from =q.(73) that, at increasing temperature of an ideal black >ody,

the maxinum of its radiation curve is shifted toward the shorter waves.

24
i T

) N

1/

7
' T3 4367480 K]

Fig,7 - Curves of Cistrabution of the Radiaticu Energy o{ o Ideal
Black Body at Various Temperatures !

I
a) Wavelength, p; b) Emiasivity Eyq, w/cm?

»

Using a.(13), it is possible to determine the -aveleng!.h corzrespeading to maxe
n.us radiation of energy in the spectrum for a givea black- body temperature, or the

--bllc\( -body tesperuture itself, if the wavelength corresponding to maxamus radiation

Figure 7 gives distribution curves for Lhe ndntmn tnergy n( an ideal Lln:i

50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6

..'bm!—y-_;t~ various ié}ernn}u. The velues of the emissivity in ace pl;ued T

-_:-_long the ordinate, and the wavelengths in microns along che abscissa, _ . .
T

The curves indicate that, for an ideal black body st 15°C, the maximun radiatics

__mrrz.-.pondn approxizately to % * 101, At'a wavelengch'of 44 the exissivity drops”

‘=~to 0.5 w/ced, i.e., to aiovt 5% of its maximuam val:re,

$ith incrersing tesperature,

1.~ the caxinum shifts toward shorter wavelengths, and its aksclute value rapidly ia-

| _.creases,

v On the hasis of the regularities derived earlier, showing that the esmissive

':pauer of an ideal Llack tody is proportional to the fourth power of its absolute
., Ttesperature, and that the radiation mexizum shifts tewsrd shorter warelengths with

—-incressing temperature, %ien proposed the following equation for detzminiang the

_value of the waxizuw radiation eaergy:

R a4

B = constant erusl to 4.16 x 10-12 w/cu3 degS. Consequeatly,

(1s)

E . » 4,16 % 1001215 w/cad deg’
i

It »ill be clear from eq.(74) that the value of the radiatica maxisum in the
*—1Llack-body spectrum increases proportionally to the fifth power of the temperature.
The followizg for=sla is cuaveaieat for determicing the emissivity ia the loag-

12— wave region of the spectrum
Eap * CETA"S

wheze CK = 0.412 * 1012 « ca/deg.

Section 13. The Quantum Lay of Radiatioa .

— The equations of emergy dulnbutnn in the black-bedy spectrum [eq:. 70) sad

—. (76)} were derived oa the basis of classical dynamics under the assweptioa that say

-— r!dl.nnn of the wavelength )\ depeada oaly os the velocity of sotioa of the wole-
LTS .
. cules, and that these velocities are distritated accordiag to Yaxwell’s law. " As

B U et
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:J:‘unlma'n general Jaw, .and are true only for certsia regions of wavelengths (for vhick
:’tl\z Maxwell equstions were calculated) for certain temperatures.

: To- find the general energy distritution equetion, entirel} différent conditions
. ':","“u“ be taken as basis.
v‘i‘“”{ These conditions were formulated by Planck, who started from the previse that
’ r:"'x'ndin.inn is u consequence of the osciliations of linear atomic vibrators, which ex-

cnte electromagnetic waves, where such a vilrator does not emit energy contiauocvely

*“ ~'bat in discrete portions, or‘‘quanta”, ard where the energy of a quantum absorbed or.

' _emitted by a vibrator depending on the wavelength (or frequency) of the radiatiom. .

The energy of a quantum is determined by the formula

1

e = hy 1)

£, - Xt 1
S Y
: %

_:-here ¢ = velocity of light;

K = the Boltmann constent, equal t.o 1.38 % 10°1¢ erg/deg. /

On introduciag the notatioa
he
€ = ke’ and G "
\

in €q.(78), the equatioa may be obtained ia a simpler forv:

€2
Exr " S - 17t 9

The mumerical values of the ‘constants are: C; AT X 10712 o cal, aad

0 e e
jC: * 1.4334 o deg.
° Equation (79) eapresses the quantuu law of radiation.

tet

To pess from saveleagth to frequency, or vicz versa, the follosing forwala is
‘used: B it e e e

c
\’\—-‘ | :I_E)' (80)
l_mwhere ¢ = velocity of light.

Henace eq.(79) tekes the following form, «s a functiom of radiation wavelength:

1
P L 81)
b
et -1
Cy = 2:: while Cq = =
Equation (79) not only ckaractcrizes the energy distribution over the spectrum,
detersination of the total gueatily of emergy (the radiaac
H
Cy
R3]

Ame Ane —
€= ) Egdh=¢ J M T-1lax (82)
A=¢ Asp

Experimear:l verification of eqs.(79) and (82} confirwed their validity for all

3‘:"-lvelengthl and pesatures. G ly, they exp the geaeral law of ezergy.

4% _distribation ia the spectrom of an ideal black body.
2
—Section 14. Coefficient of Radiation Efficiency of an Ydeal Black Body

. The radiation eaergy of as ideal LFlack bedy, like that of any cther radiazor,

s<

,.~~is received or registered by various receptors, such as the human eve, a therms-

. —couple, ete. To determine the efficieacy of the action of energy radiated ia a cer~

» —tain part of the spectrum oa one receptor or another, the coefficieat of efficieacy
—(k.p.d.) of tha radiator is wsed.

~ Figure 8 gives the spectral distributios curve of the raliatioa eaergy of aa =

oved for Release
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S The emissivity of an idzal black body, i» relative units, is plotted on the or_-_:
dinate 4nd the wavelength in microns on the nb-:
cissa. Py using this curve; the radiatjon-ef--
ficieacy can be determined, '

The area S, bounded by the upper curve,

represents the total radiated power, i.e., the
total radient flux & the area Sy (vertically

hatched), the power radiated in the visible

o &8 B & &% T as

part of the spectrum ¢;, the area Sy (obliquely
4 a gy 2 ‘e hatched), the power perceptible to the eye.
Fig.8 - Spectral Distribution
Curve of Radiatica Energy
of an Ideal Black Body
a) Wavelength, u; b) Enis-
sivity Ep in relative units

The ratio Letween the power radicted ia
the visible purt of the spectrum (or flux &)
to the total power radiated {or total radiant
flux ‘#) is called the ensrgetic coefficient of

- .‘ radiation efficiency:
(33)

P To determine thz power perceptible to the eye, or the lumincus flux F, the
;__total radiant flux & must be multiplied by the integral value of the relative visi-'

3:_bilir.y factor K) for the entire visible region of the spectrum:

A=p.8
Ky dA (84)
A=e.4

A e The ratio of t‘he power perceptible to the eye, cr the luminous flux F, to the

total radiant flux &, is called the coefficient of efficizncy:

(85)

i | The ratio of the power perceptible to the eye, or the luminous flux F, to the i
54 _power—radiated in the visible part of the spectrum, or the flux #;, is-the effi- -

<5 ciency of visible radiation: e [ — -

e
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These ‘efficiencies zre connected by t.he relitioa: 7
| n, = nNa [€:12]
l-: Table 9 gives the values of n, and n. for aa ideal! Llack Lody at temperatures

x_“ from 3900 to 8000° absolute.

Table 9

Valuss of Efficicacies n, and n. for a» 1deal Black Bady

at Yariows Temperatures

T°*K

k-]
.
»

3000
4000
5004
6000
6500
7000
5000 38

swu(nu
P ®eN®

It will be clear fros the Table that an ideal black body has its saximom lumi-:

26 pous efficiency at T = 6500°K, vhers it reackes 14.5%. This is the maxizom lomi- :

3;:mu: efficiency of temperature radiators. For ordinnry iacaadesceat lamps, the

4Q:1uninoul efficiency is caly about 3Z.

4" Section 15. Hadiation of Noz-Black Bodies

All the above laws are valid for am ideal radistor, the black body.
6
Since an idecl black body does not exist in nature, all real bodies capable of
-adiating energy may be grouped uader the cowmoa designativa of noa-black bodies,

.30‘._: whose radiation depends on their physical properties and, primarily, om their abe
E ‘nxpx.'uc paver. .

S —Nca-black-bodies-are divided iato. two groups, lcdies with so-called gray .radi=:

_ ation, sad bodies with sslective radiation,

i 3N

01043R002800190001-6



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6

© e W AT RRSWRTERLLAD TN .5 T .

—_T/_Gx:n—yr-duhon» is the term a;;.:lied to tup rature radiation with a spectral ea-:

" ergy distrilution curve of the wwua fora an that of u black Lody at the saxe tewper-
’ :;uure. Lut with an intensity of radiation, for any wavelength and for any tempera- :
B ;ture, which is lower than in & black body; this is determined by the-sbzorptive-—--—
- power of the real body. All laws of black sadiation apply to gray radiation, pro-
mvided these radiations differ only by 3 constant factor, the absorption coefficient,
“which is independent of the wavelength.
a By analogy to the black-lody equations, we may srite, for gray bodiea:
o £, l-’o-o )
1 vhere C, = emiasivity factor of the gray body. C, iz always less than C, and depends
on the temperature.
Comparing the radiation energy of a gray body with that of a klack lody at the
:une te=psrature, we find a new q\nntity,‘: termed the rzlative emizsivity, or degree

T of blackness of a body:

)
it
Table 10 gives the values of ¢ for varicus materials.

Knowing ¢, the radiaticn energy of a gray body may be calculated by the equa-

Eeece L' <88)
160 v

Table 10

Relative Esissivity, or Degree of Blackness €, of Total Normai fadiatioa

for Various Materials (Bibl.Z)

.
w0

M

w
H

Type of Material v *C

Polished alumiram 0.039-0.057
{.-Uepolished alimimem . _ ... _ . ... 0088
Polizhed irem 0.144-0.377

RN RN

"

o
t

Type of -Material

" Yrom, freshly braded with emers
Oxidized irca
Oxidized irom, smooth
Cast iroa, ureachined
Polished stcel casting
Sheet steel, grownd surface
Irom, machined
Iron oxide
Gold, cerefully polished
Polled brass ;late, with nataral surface
Folled brucs plate, abraded wath ccarse omery
Peass plate, dall
Copzer, carefully polished, electrolytie
Copper, cocmercial, polisted to brightaess;
but ot mirror-finished
Copper oxide
Woltem copper
Volybdenum filacemt
Nickel, tecimical, clem and polished
Tackel-plated pickled irom, wpolisted
Nickel wire

Tin, bright tinsed sheet irom
Platimz, pure, golisbed sheet
Platizem strip

Platinus filasent

Platinmm wire

Mercury, very pure

Lead, gray, oxidizel

Silver, polished, pnre ,

Qi.rovimm

Zinc, commercial (99.1%), polished
Galvanized sbeet irom, bright
Galvanized sheet irom, gray, oxidized
Asbestos candboard

Asbeatos papee .

Thin paper boaded to metal plate

Declassified in Part - Sanitized Co
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---~0.70-0.82 .
©.87-0.55
0.52-f 36
0.55-3.61
0.63-C.70
0.83-0.95

0.018-0.035
5.06
.20
0.22

0.018-0.023

0.072
0.66-0.54
0.16-0.12

0.056-0.292
0.07-0.087
an
0.696-0.196
0.59-0.26
0.€4-0.76
0.043-0.044
0.0354-0.104
0.12.5.17
~.236-0.192
0.073-0.182
0.09-0.12
0.281
- 0.6196-0.0324
0.08-0.26
0.045-6.053
0.8
0.77€¢
0.9
.93-C.945
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Type of Material

“Ted brick, Toegh T T a i 0.937
Grog brick, glazed 0.75
Refractory brick . el . . 0.8-0.9. ..
White enamel varnish on rough iron plate 0.906
Black glossy vamish sprayed on irvn jlate: 0.875
Bleck varnish, dull 0.56-0.98
{lack glossy zhellac on tinned iron 0.821
Black shellac, dull 0.91
0il paints of various colors 0.92-0.96
Aluzinua paint, after heating to 325°C 0.35
Grayish marble, polished ' 0.931
Smooth glass 0.831
Soot, {rom camdle 0.952
Soot, with waterglass ! €.952-0.547
Lacpblsck, 0.075 m and larger : 0.945
Tar- paper ’ 0.910
Washed coal (0.9% ash) 0.81-0.79
Carbcas filmecat 0.526
Glazed porcelain 0.924
Pough lime stucco 0.91

Badiation in shich energy is emitted within definite aarrow portions or bands
3.
—of the spectrum is called selective radiatioa.

2

The eadiation of selective bodies, which include almest ail zetals, differs

3o
" frou black-body radiation in the character of the eaergy Zistribativa over the

22— N
__aspectrum. The radiation eaergy of selective bodiez may be approximately determined !
10, .

:by eq.{56), but it must be borne ia mind ihnt the absorption factor of a szlective

JA_body d)y is not the same for the various portions of the spectrum, but depeads oa

4i—the wavelength A and tke tecperature T.

i Pigure 9 ahowa the characteristic form of the curves of spectral distributioa
.;1:4:{ the energy of black-body, gray-lbody, aad selective radiatioa. It will be seea
5,: from the diagram that the curve of 5ny-blody radiation lies below the cnrve of ra-

'diation of a black body, and that their slopes arc similar. The curve of selective

d
— radiation has ¢ wumber of maxima sad winima.

77 The ratio of the enorgy radiated by & surisce elemeat of a gives body {spectral

l;er;-:;:"ir;;h;ea; },h).‘t:obti-cvc—;e—;g-y-;;dnted by aa equal surface elezent of a

)
“_black body {spectrul energetic Lrightness Byy) at the same tamperature, vaveleagth,

Fig.9 - Curves of Spectral Distritution of Eacigy of Elack-Body (1),
Gray-Eody (2), and Selective (3} hadiatioa
a) Wavelength; b) Intensity of radiatios

:4—li.-.e iaterval, is called the wonochroratic ewissivity of the lcdy aed is denoted by

‘)_a 15 the symbol 342

Ja Fig.10, the lrokea liae shows the
curve t)y for tungstea at T = 2450°K. The

values of )y are calculated by dividiag the

ordinate of the curve of spectral esergetic

brightness of tungstea by the co:resnsading

tig,1¢ - Spectral Energetic
Brightness of Tungstea aad
of a Black Budy

a) Energetic spectral bright- crease ia the value of €)y with increasiag
ness ia relative units; b) Black
body; c) Tungstea; d) Wave-
length,u; e) Vonochromatic
emicaivity of tungstea

ordinates of the .=mzve of brightaces of a

bluck body (solid 1izes). The gradual de-

waveleagth, which is characteristic for ail
l“bt:.ixt, iadicates that the maxieom of radia-
ti?n of metals is shifted toward sborter
waveleagths by comparison with the maxizna of black-body radiation at the ssme

1

Re may also determiae the total emissivity ¢y, vhich represeats vhe ratie of

STAT
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0

.-J,Tlr;:;rgei;; b}i;htnell cf-iiie'body by at a givea tesperature 1 to the energetic

2-1
_Jll)rightnes:_ By of a black body:
s

ﬂl
'

Grephically, this will be represented by the ratio of the area tounded Ly the

.- emissivuty curve of tungsten to the a_ea bounded by the emissivity curve of a black

‘Lody.

The nonochromatic emissivity curves of tungsten in the inirered region of the

~pectium, constructed from measurement data
(s0lid lines), <re given in Fig.ll.
A.; indicated in the diagram, withia the

limits of the visibie region of the spectrum and

for the short infrared rays, the values of )¢
decrease with increasing temperature, while ia

the region of the longer infrared rays, they ia-

'
crease; The overshelming majority of metals

G p this peculiarity.

. 02 1Ca) L8 as

“~~Fig.11 -~ Monochromatic Faissivity
of Tungsten in the Infrared

Pegion of the Spectrum
a) Wavelength,u; b) Mano-
chromatic emiasivity of
tungstea

To determiae the basic computational ener-
getic values for non-black bodies, various for- ‘
sulas ?bnined on the bzsis of experimental dltl;
are used.

To determine the mooochiowatic emissivity

p.
oy = 0365l

+
o " Tesiativity of metal in olm-cm at a tecperature T;

54 e A= wavelength in.cm —— -

N :‘l_.‘_-fimr.e 11 gives the curves constiucled for tungstee from the values of €37

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800180001-6
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Tealculated by eq. (90) (dashed lines). ; P
24 ) !

Equation (90) gives rssults in agreement with th3 measurements at certain wave-:
“MNengrhs, for exesple, at A > 2u for tungatea, at A > 14y for silver, ete. With suf-
;—_‘(icicnt accuracy, this can ke used for detemining €3y at ‘waveléagths longer than™

:lu. For wavelengths in the ultraviolet and visible regions of the spectrum, this

(« ¥ -~ jormula is unsuitable, since the results of calculation differ from the measured

~values. This can apparently be explained by phenomena of resonance (absorption
*'  bands) in the ultiaviolet and visible regions of the spectrua,

- To detersine the energetic luminosity of radiation cf non-black bedies, the
I:___'Iolln-ing espirical formula has been proposed:
Ry -%o"l‘
where o' * a certain constant; !
@ = a quantity depezding on the kind of setal used and on its tesperature,
The values of o' for some metals have been experimentally determined. Thus,
L for exsmple, for platinum, o' = 2.56 x 10{'"- for tungsten, 1.51 x 10715, for
o nickel, 1.04 x 10-4.

For tungsten, e3.(91) has the form
1

Ry = 1.51 X 107137149 (92)

Equation ($2) gives correct results ‘in the temperaturs razge of 2000-3000°K,

i.e., precisely at the temp cor ding to the working conditions of the

22 . filaments of incendescent lamps. To determine temperature at whick' the intensity
+1__of radiation of platinum and that of a black body are coxpsrable, the approximaste

‘5:' formmla

!
48 Tyier = 3Tha 93)

.
‘may be used, where

Declassified in Part - Sanitized Co roved for Release
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:I.T\_:”L;u-l—udi.ati;n.;?—-_et-;l;‘-ly be determine . : um radiation '
E i
!

et e e . I e e o - ] . e ———— e e T e
Exp " ; 41 ~ &T) ! e Epex ™ €y ¢ 1.334 x 10°23 Vp.-[c

L

For total radiatioa 7 f

~!where 0 = a constant teken from eq.{60);
'

@« = a constant depending on the kind of metal. o= - . R
. 3 PRFSEN -20 ‘/ s !
The values of the constant & for a few metals are given in Table 1l : .f O "?36 ¥ 10 o7 (100) '

; :

)
'

The absorption factor of pure metals . l
Table 11 . ) . Fquaticas (96)-(100) are true for waveleryths over 4u. Table 12, below, gives:
in the region of short and medium infrared \ ;

Value of @ for Several Metals -rayl way be detersined by the siwplified -_
'

Metal - forwala i Teble 12
|

Oemivm 1.8 l Yal f the Emirsivity Fi ; f Certai Bodi Bibl.3)
Volybdemm 118 _ 0. (95 slues of the Emirsivity Facters o rtain ies (Bibl.
Gold 1.20

Platimm 125 ' - N
Tantalum 1.31 where j = electric conductivity of the Kind of Sarfsce Terperature, kcal/n? br degt watt/on? deg®
. o

Tmgaten 1.4 metal in _l .
Packet 1.65 ona-cs i : -4
To detormine the maximum radiation . Secoth 0-50. 4 5.0% 10 .
Carefully polished 40-25 1.53 % 107
Bright 30-100 . 1.85 % 1074
Dull, oxidized 20-360 5.02% 104
0.365 ¥ oCy T Rocgh, strongly .

- 5.3 3e . - 5 5.1x 1074
Eex € T . oxidized 40-250
Duil 50-350 1.22% 1074
DD 8T - 1) : . 0 . 3.56% 104
- 6 3 3.72% 104

22 . 5.3 % 04

Radiation Factor

To determine the total radiatioa - ' A Teogh

- . '
JBadh ot ssex 10°19 Vp 148 by, ; Poosh : 4.0 s.65x wé
: ; : 2 e x 1074

Putting ¢ = p, 2:".3 , wiach bolds for most metala, we obtaia:

for selective radiation in the rcgioq from A to A + A\ Toogh : 3.5-3.7 4.07-4.3 % 10°4

0.53 0.62% 1074

¢ b S o] | comper Dull rolled ’ 3.10 3.60 x 1074

. . .28 x 10-4
B - ¢, - 0022l e S (M) i Rl Poosh .6 AW

Copper Polished

§_1 ___ We conclude this Chapter by.stating the concepts of color.t:e-v:nwn. ad, | STAT
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1(1!1{:1; tu\pe;amn._.-h-x—c_h we will often meet in the sevel, B

___The color temperature T, is the temperature of a black body vith the sems ratioi

of brightness between two given spectral regions as the given lody at the tempera.

- ;ture T. For all metuls the color te-rperut‘nre T is higher than the true tesperature

~-of the body T. . .

The brightness teaperature Ty is the temperature of a Llack body of the saae

visual monochromatic brightness for a given wavelength as the given radiator st CHAPTER IV

““tempersture T..

The brightnesa tewperaturc is always less than the true tomperature of the lody. SOURCES OF INFRARED HAYS

The sources of radiation used today in verious fields of infrsred technology
..—may be divided into three gruups, according to the physical natare of the radiatioa.
’ The first group corprises sources of incandescent radiation in which the infra-
—red radiation tzkes place as a result of the comiustion of a fuel or the heating of
Ta body to a definite temperature. '
: The second group consists of electrolusinescent sources of radiation operating '
oa the principle of electroluminescence, or luminescence due ta the passage of aa
:elzctrir. current throngh rarefied gas.
The third group comprises sources of radiation of coebined type, saking simwl-:

use of i d radiation and luminescence.

Tie “zass radissor® of A.A.Glagoleva-Arkad’yeva ocoipies a special position. In
4&_jts physical nature this radiator is a saurce of electronagactic radiatioa ia the
22 transitional region between radio waves and infrared rays and cennot be classified

t1_in any of the three above groups. '

fa Table 13 enumerates a few sources of iufrared rays shich are used in technology

:lud acientific research, aad are consadered ia the preseat Chapter.

se_
% -
— The basiz requiremeat for s source of iafrared rays is high efficieacy ia the !
S4_% — e e e S
___infnred region of the spectrum. Aa effective scurce of infrared Tays is chosea OA

v
>

it T

Sectior 17. Fequirements for a Source of lafrared Rays

w
-~

wn
&

STAT

-8
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“Tihe busis of the general la of thermal radiation (cf.Chapter 111), taking into ae- ° Type of Souree l Nature of Fadiation
2 :

_!count the spectral characteristics of the receptox to be used for the infrared rays.. j - l
. Simple electric are

Padisvor

Thermal radistion " Electrodes beated to incan-
nd lumi & Ly zleciric cusremt,
e e e r—————— e e tas . incandescent gases, sod luxi

lell" 13

. pezcent positive colivm of
A Few Sources of Infrared Bays am arc discharge

T Lagh-intensity electric are Sme
Type of Source Nature of Padiation

Arc luep with tuzgsres elec-

trodes (point 1}

Group 1
Sources of Temperatare Extrese-pressare zercury- Tungsten spiral beated to in-
tungsten 1omp candescence by eleciric car-
Flectric incandescent lemps Thermal rolistion Filement of tsngsten or other
with pure-petal filmmeats - refractory metal, hested to
incandescence by electrie
curreat

rent and Jsivescent posiive
colusm 0% arc dlacharge im
muTCury vapor

Electric incandescent lwps Filament of carbide or ctier _Is addition to ligh efficiency, sourzes of infrared rays mast also satisfy a puzber
«ith {ilaments of metal Seme compound, heated to ixcem- Tof other requirenents, naxely:
compounds . descence by sa eleetric current
thev muat Le suitable for use with optical systema:
Lacps with special incan- Thermal selective Plate of kaolin in plez form, B . . i

¢ bedy rediticn hested to imeesd by = . they wuat nct require special bandling or observatioa;
fescen 1

| electric curreat they must have a safficiently long life rad stability ia operatioa;
Incadescent-xantle lamp Sema Silk manile ipregrated with : they zust have minizom possible weight and over-all size;
thorime oxide, beated to in-

candescence by the flae of a . R
gas or a liquid feel . $erzit conveniest adjustzeat of that operatica,

they zuot allow DC and AC poser supply wnder exergency operation »ad sast

Table 14 gives the eaergetic haracteristics of a few sources of infrared ra-

__diation, for illustractive purposes.
40

Of the artificial sources of radiation ia the Table, only the incasdesceat

Positire colma glovixg wader
sileat discharge ix aa imert
gas

¥~ lamp, electric are, mercery and helius laaps are used in technoiogy. The iscaa-

£41_ desceat wantle and the plug lamp, altbough they are sources of iafrared rays, pro-
Positive “l—. ‘:“1:"-”" 'é— duce it ia suth ar insiznificant amount that they are ased prisarily only ia the
are dischurge im cesiua vapoT .
. :__ laboratory.
Positive colz= glowiag under
arc discharge ia mercary Y&o7

- Sectioa 18. lacandesceat Lamps

The first iscandescent electric leep waed for practical purpcses vas developed

- im- 1873-by the proniment Rersian electrical eagiscer AN.Lodygia. This lap-was-

the prototype of all the succceding desigas of electric lamps, Incandesceat _
= STAT
8-
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Ml )

.~ refractory metals, such as taatal

The source of radiant energy in the incandescent electric laap is a filament of

Table 14

Characteristics of a Few Sources of Infrozed Radiation (Bibl.4)

Energy ia Diffe~ent Parts of
Region 0.8-12 4, in X

Total Energy of
Radiation | Infrored Reys
Energy, in Negion
witja? | 0812w
watt/ca?

Source of
Radiation

0.2-L4u 14240 | 24128

Mercury lamp 0.026 0.010
Tungsten filmeent
jncandescent lup
(gas-filled)
Electric arc
Incandescent rantle
Plug lamp

lelium lemp

0.0125 0.007
0.024
0.00077 5
0.000S S
% 100

0.034
0.001
0.0007
0.021 -

~ s pure refrectory zetsl or ef refractory zetal cozpouad, w clasz incleding the car-

i
Lides, borides, and nitrides. Teble 15 gives data on the welting points of these

_ materials. As indicated in this Table, the nuster of refractory pure metals and

:refncto:y compounds used for making incandesceace filaments i3 relatively small.

The main charscteriatics for which a material for the incandescent filaments

of a laep is sclected are: ‘ ,

high meiting poiat; ,

minimum rate of vapotizatioa of the -ltgrial, which determines the life of
i

the filameat; ‘

ease of machining and atreagth;

spectral characteristic of radiation, as required for the lamp.

tungaten best satisfies these requirements asd therefore
Other

Of the pure metals,
of electric lalbs.

|
the principal material used for incandescent filnsents

um, osmium, iridius, platinum, and sirocaius, have.
- i . e e .

- n:t. f_l;\l;d .:idupread use.

c.
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B Of the refractory compousds, t-—;;—lua c:rg‘:;e is wost mitl-l;i-; for iscandescent

- filasents and hes a number of advantages over tungatea. JIts working tesperature is

Table 18

Velting Points of Nefractory Yetals and Compousds

Carbides and

Bixtures
Katerial

Nitrides
Vaterial

Yorides
Material

4TaC + FIC Tals + TaN
ATaC + ZiC BN
HEC TiC + TiN
TsC Ta¥
e 3 2N
NBC TiN
TiC BN
%
¥,C
XoC
¥o0,C

¥oC
ScC
$iC

24 400-500°K higher thsa that of tungstea, shich izproves all the illumination parase-:

35 ters of tae lacp. The rate of vuporivazinn of tastalum cazbide is abont 30% lower *

35— thaa that of tungstea, and the total radiation is about 30X higher, which cor-

14 responds to am increase im brightaess of about 33% as cospired wiia tungstes.

. An obstacle to the wide use of taatalum carbide filaments is their low ma-

1 chanical streagth.

o Yacandescent-lasp filameats are usually wade in the form of a cyliadrical coil

I Leat imto circular shape and placed in a place perpendicular to the axis of the

5 - lamp (for a short filament), or ia zigzag form (for longer filameats).

A i
L Gas tobes have relatively high thernal loszes. Oae of the methods of reduciag

?tl'il shorteaiug the coil and iacreasiag its dismeter, but this is pos-

sibie oaly to a co a degree, siace the strength of a filement d;crelse- with in-
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_'Al:reuing dimseter. A lol\;;i—o-li uf‘;l;’e p}obla h‘u Lees to desipn filamests in

fors. of a double spini. or''bispiral® (Fig.12). .
Lasps with a bispiral filoment have a higher luminous efficieacy thaa lanos

with caiy » single spiral filament. The increase in lusinous efficiency, amonstiag

AR LEEDODROD

to 8-20%, depending on the type of laxp, is &x-
plained Ly the reduction ie the heat losses due o

the modified form of ihe filasent. The greatest ad-

A2
ANES

13

vantage is using 3 bispirel filement is obtaized for
low-pover bulbs at 220 volts, which have the bighest

Leat lczzes.
Fig.12 - Louble Spiral In motion-picture projection, searchlight, asd
Filageat (“Bispiral®) A

other special bulbs and lamps, incandescent bodies

of maxisum brightness and minizum size of luminous scrface are used. A filamest

stretched spirally on a apherical or ellipsoidal surface, or a spbere or ellipsoid
of compresaed powder material, constitute typical exmupies of such incagdesceat

(- ~badies. ;
— !
) T Vacuum or gas-filled incandescent laxps with tungsten filsueats radiate most of

R —their radiant energy in the region of short-wave infrared rays (cf.Table 14).
s
For example, a vacuum iacandezcent lazp, at a tusgstea filameat temperature of

‘__—1 = 2500°K, has its maxinum radiation in the regiom A= 1,18 5, sad a gas-filled
“:lusp, at a (il-;nt teaperature of T = 3000°K, im the regioa X *» 0.96 u.
10

If the total 'energy radiated by a vacuus lasp is takes as 100%, thea oaly
-\?:7—12} of the radiant energy is contributed by the energetic radiatioa in the risible
* ‘—portion of the spectrus, and the energy perceptabze by the eye amcunts to caly alost
T M. The remainder of the energy, except for mall losses {n the holders, is radi-

4 . ated into space, mainly in the form of infrared rays. /

(‘ :,:: facture, permit their use as sources of infrared rays.

R P

The properties of tungstee incandezceat ismps and the simplicity of their meaw-

Table 16 gives an idea of the caergetic Lalance of a vacuea iacandesceat lemp

- and of lmps filled with various gases.

Approved for Release
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JURNUPIURRADY ST et

(ke of the naia drastacks of 1ucsadescent !-:;m.A 28 ia ol:her uar.per.nxn radi-
ators, is the very low selectivity of tteir radistion, reneirinz the use of specisl
Takle 1€
LCistritotion of Badictien Exerpy (in perceat) ia Varieuws

Incandescent Laaps (Ridl.3)

AL--

Lumg

repe-511ed
Lwp

Arpa-Filled
“faprral”

\isille ratislion
Loas in Iolders
l Lreery thevewh son

- filters to c=t cut the recuired parxiom of tte iafrared spectrum.

Sectice 1y. Easic Tarzmeters of Incandescest Flectric Fuld i
|

Tre iscemdescest electric ball is citracterized lv ike followieg iilaszaation

sad energetic par : filaseat tare, Lrightzess, luxixous flux, luzizous

efficreccy, power coasumed, and working veltage. Toe f{ilament tempera‘are is thke
_ maiz characteristic deterziniag all tte illumisation-erginceraiag asd esergetic
paraccters of the lamp. '

Tae brightaess of radiatics is deterwiaed by the working filaweat texperatare:

. " “the higher the tecperatzze, the greater the Lrightaess.

Table 17 gives data showiag the relaticn of trightzeax aad teaperatare. The
trightness iscreases sharply at a relatively szall iacrease ia tecperatare ia the
- working regioa of 2550-3000°K.
- Ooe of the maia parsaeters characteriziag the cperatioa of a lalb ix the lwmi-
t . ncas efficieacy, deiined as tke ratis of the lemiscas {lux to the tatal joser radi-
(~\: __ ated, aad mcasured ia lumeas per watt (la/e).
- The lwninous efficieacy characierizes the econowy of the laxp or tuil: tke

greater the light flax radisted ty & lesp per zatn of possr izpart, the more ccoa-
omical the lall will be.
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“:Acreuiu dimmeter. A wh;t.i-o; ut—;.l;; y;oblu hn Lees to desipn filameats i
fors of a double spini, or “*bispiral® (Fig. 12). _
" Lasps with » bispiral filement have & higher lominous efficiency thas lames

with oniy » single spiral filament. The increase in Juminous efficiency, avousting

to 8-20%, depending on the type of laxp, is &a-

A92ARAAANLFLAR 20D
plained by the reduction iu the heat losses due

the modified form of the filaseut. The greatest ad-
vantage is using 2 tispirel filemeat is obtaived for

% o 4t
SELoSg 2
A W G

Fig.12 - Couble Spiral
Filazeat (“Bispiral”)

low-power bulbs 2t 220 volts, shich have the highest
Leat loczzes.

In motion-picture projection, searchlight, and
- other special tults and lamps, incandescent bodies
~ of waxiaun brightness and minizas size of lumicous surface are used. A filameat
~ stretched spirally on a spherical or ellipsoidal surface, or a spbere or ellipsoid

o of compressed powder material. constitute typical exsunies of such incandesceat
., “badies. :
“» - VYacuum or gas-filled incandescent l-’zu witk tungstea filsuwents radiate most of
:‘(heir radiant energy in the region of short-wave infrared rays (cf.Table 14).
For exsmple, a vacuua incandezcent lazp, at a tungstes filameat tesperature of
—:T = 2500°k, has its maxioum radiation in the regioa A= 1155, and a gas-filled
:':lnnp, at a filsment tesperature of T = 3000°K, in ﬂi{ regioa A = 0.95 .
If the total ;n:rgy radiated by a vacuom lasp is‘ takea as 100%, thes oaly
.'1-121 of the radiant energy is contributed by the energetic ratf.i-lion in the visible
* ':pon.ion of the spectrus, and the energy perceptikie by the eye ascunts to oaly aloat
©* 3% The remainder of the energy, exccpt for srall losses ;A the bolders, is radi-
~'~'T-ted into space, mainly in the form of infrared rays. ]
The properties of tungstes incandezceat iseps and the simplicity of their meau-

facture, permit their use as sources of infrared rays.

Ttb{u_ 16 gives an idea of the caergetic balaace of a vacuca iacandesceat lamp

lemps filled with various gasea.

T
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Oce of the maia drasktacks of x;md;;éu; ]‘“:;u.‘ l-;:l oi}.er wmper'aun radi-
atozs, is the very low selectivity of tleir radistios, regeirisz the use of specisl

Takle 1€

Cistritotios of Padiatisn Exergy (in percent) ia Variews

Tacardescent Lazps (Bidl.3)

Type of Padiatica Vo Arpee-Fillad Arwa-Filled Lry;ton-Nenon
Lag Ly “Biapural’ Hlled
imp Lay

Visille radiation n n
Ir-igitie radiston <4 3
1oes in tolders

Loeeny thermeh sme

2 2
. »
\ s

. filters to cot cut the required pnrrica of tte isfrared spectrus.

Sectica 1y. Casic Parzceters of Iscandescest Flectric Buld r
]
The is scent electric ulil is chtracterized Iy ibe following i}luu:t;m
" ad energetic paraneters: filsseat texperatare, Lrightress, luxisous flax, lasizows
efficiency, power coasumed, and working vsltage. The filazest temgeracare iz the
_ wais claracteristic detersining all tre illumisaticn-esginceriag aad ceergetic
paraceters of the lamp. !
- Tze Lrightaess of radiatica is deterwimed by the workisg filageat texperatare:
A”'_' the higher the tecperatrre, the greater the Lrightaess.

Table 17 gives data showisg tke relatica of lright=ess aad tesperatare. m
trightaess iszcreases sharply at a relatively sxall iacrease ia tesperatare ia tke
vorkieg repoa of 2550-3000°K.

X N Ooe of the maim parsseters characteriziag tbe operatioa cf a twlb ix the lemi-
i . ocas efficieacy, Cefined as the ratis of the lamiscws flax to tke total joser radi-
ated, aad xcasured ia lwmeas per watt (lx/s).

- The luniscas efficieacy characierizes the econosy of the laxp or tall: the

greater the light flex radiated ty o lesp per vaty of poesr ispart, the more ecoa-
omical the kalb will be.
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Section 20. Featares of the vesips of Iacacdescent Leapr for ée:rdix;ill

The values of the Juzinoas dﬁciem:‘y of vacos and .m'n-ﬁllcd lsmps can te de-
Tre priscapal differesces tetseea searctlizht lawps and ordissrv illiziastisz

termined from the curves in Fig.13.

the tungsten filazent is gradually vapo
stes the lusisous flex radi- tull.

fa;dem FY L3 The selection of the tvpe of lamp 13 Jeternised iy the inezsions of rhe Jens

1 X

s \
r12¢d, and the valls laxps lie 12 the form of the izcardescest tedv aad tte fors ond dimecricns of ke

When a larp bums,
of the bulb are covered with a derk filas, ehich attesu

ated by the incandescent tody. To reduce thas harciul phenomenon, all

K

Table 17

1}
T

1
]
b

Relation between Temperature and Prightness of
Filaxeat

Texperature of Filameat Brightzess,
x Sualb

0.000126

3658 : .

are filled with aa inert gas (csaally

. " candescent electric bulls (from 60 watts up)

a mixture of argon and nitrogen} which helps to redace filaxent veporizatioa. o HE N | )
R QFUT 0987 6 5 8

e leads to aa increase im the ea-
— Fig.13 - Felatica of Lunizozs Ef- fig.il - Variatics ia tke Px rs {i
. _ . A - - - i - -1t Tacer
ergetic efficiency o1 & radiation source. Since, 1a gas< filled laxps the workisg ficiency lnd.Tapenun: O Taemmescest Luwps a8 2 ;::é::
filaent, can be increased without shortening its life, the ad- - 1- for gas-filled laxps with of Voltage Iaput
tangstes filament; 2- For I imous flax; C.0.- Luai £
. Lani. - irocs ef-
" ) . - Tacoue lnvf sitl tzngstea ficiercy; W- Pover: 1- Curreac:
for tulbs of medic= and high asperage, which, 23 a filmeat [ fesistaace d
: ) Loxi, ici ~ <
In lcv-sperage bults, with & - ;) Ton “':-.c“‘f;uq'hf" 2) Applaed valiage, velts; t) F;
- soeperatare, ¢} [mratics of luraizg

As stated above, an increase in tesperatur

B D

b with gas becoxes evident.

___,_"' vantage of charging a bal
However, this is tue only

rule, have a relutively heavy incandescent filament.

T svstem of the u.reblig‘ht and ly its puryose.

- Figare 13 shoss characteristics moders searcklight lanps. By fHilmeat fors

perature cancot be signi ficeatly increased,

fine incandesceat filameat, the tem
The greater the di-

since this would accelerate the 7aporization of the filaxeat.

ageter of the filament, the higher the tesperature it can withzzcad.
the lurinous efficieacy sad

¢t the same fced voltage,
The varistioa of the Co- Tre laaps of tte f1rst groep (Fig. 18,

B and tall shape, sack lasps xay te reaghly classified iate four rrowps.

Consequently, for laups a
a) Lave a cyliadricai spiral {1lameat of

o the higher-sspcrage laaps.

filament temperature are hi gher i
plied voltage is shows by the curves ia

. swall dimueter tut relatavely great lesgih. The avis of the spizal is perpeciionlar

paremeters. of incandescent lamps with ap
to the axis of the lamp, aad the shape of the tall 1s vsoaily spherical, This posi-

+ T Bkl
58 STAT
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“tion of the filament nllo'_' N ;-l‘l .ng-l; of diffusion -3 the vert;:al ;;lu\; -;d‘n

large ang

e in the horizental plane to be obtained from such leep in a searchlight.
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Fig.15 - Types of Searchlight Incandescent Lap-
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In lacps of the second group (Fig.15,t) the iacandescest filameot is the same

T asin ihe lamps in the first group but is installed along the axis of the laxp: the

)

In usinz lasps with such a filament, the utiliza-

or
Longth{itametor

shape of the bulb is spherical.
factor of the lens systea of the searchlight is increased.

tion

Dimenaicne
of
Tavandsivent
Wideh [linight
nr

Over-all

Table 18

To increase the efficiency of certain proiector lsaps, the front surfacc of the

eetuin Types of Searchlight and Motion-Pieture

, is coacted with a mirror layer servizg o direct the luminous flux

., spherical bulb
-

Incandencant.
Jdy
alwng onin

17 |Veuitle

34 frow the filazent into the lens system of the projector.

N In lamps of the third types (Fig.15.,¢), the spiral filament is arranged in vig-

Tzagin a single plane (which gives the

10 |Nertonguler
Sema

rojection Incandeacent lampe {Bible)
11 [{ilament

atics uf C

of
|
Cantor

jocandescent bodv a rectangular form) and is

2

Such a filaent fora allows the necessary

langth

R “‘phced in s bulb of cylindrical shape.
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s of radiation ia the vertical and horizontal plane to Le selected by varyiog

Dimenniune, wm
ot

Iulb

4 !
_'the ratio between the sides nf the rectangles.

. In lemps of the fuurth groun (Fig. 15.d), the incandescent filament is drawa

Yower,| N amator| Tutal |leight|Form of

2,000 |#0/11%
3,000 193120

Principal Characteri
Watte

The bulb 1s cylindrical or has a spherical lulge at

out in the form of a spiral.

" the ceater. :

Valteps,
v
1o
10
v

i

Table 18 gives the main design, clectrical and illve’ aatinn-engineering data of (“;
f

a few vypes of searchlight and motion-picture projection incandescent lacps. The -

_ range of voltages is from 11-220 volts, and the range of power from 250 to 3000 vatis.
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The over-all brightness ranges from 455 o 3000 atilbs. The for=s SHd-[yll'Cl of the

sockets vary (according to the function of the lsap).

The life of the laaps shown in Table 18 corresponds to ncresl voltage corditions.

the lamops will vield »

By shortening the life of the lasp under forced conditions,

higher luxinous efficiency and Lrightness, which sowetizes exceeds M00-2000 stills.

Section 21. Special Infrared Hadiators

The Fod Lasp

The idea of designing a laxp with a lusinous tody cede of a kaolin plate, heated

to incandescence by a current, was sonccived by the famous tossias e-ientist 22ven~

tor, P.N.Yablockhov.

Figure 16 schezatically shows the construction of the rod laxp in which the

Fig.17 - Hadiatioa Spectrum
of the Fod Laep
a) Vavelength, u; b) Intea-
sity of radiaticn in relative
units

incandescent body is 2 coxpressed cylinder, the rod B, made of a mixtere of nireo-
piump dioxide and yttrium oxide.
The diameter of the rod is 0.4-0.6 sm, its length 12-20 e, its supply voltage

100-250 v, its current 3.25-1 axp. In view of the fact that such a 10d, ia the oold

Declassified in Part - Sanitized Cop roved for Release
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state, bas a verv hizh resssiasce aed therefaze conducts aisost s curreat, the
cslicder 13 prechected by the 1zcandescent platisux wire c, wound ca the ;crctl;in
pan AE,

After preheatizy for -85 sec, the resistasce of the r»d 15 corsideratly re-
&ced. 1n czder 15 linit the 1zcressice cuirest, the rasistor Fis conpected 1a the
circuit of the red.

The electrenagnet E serves for astonatic switctixe of the 1cd irom tle pre-
Leating circuat to the sorkiag cirerit sath the resistor F.

The raciation spectrum of the red jasp (Fig.17) Las t»o srizcizal saxica, cme

in the remea 1.6-2.4% 2nd the other is the repca 5.56u. Tae rod larg is 2 @od

A \

L~
1 23 & 5§67 89 33 2cH
3

Fig.13 - Spectrza of kediatica of Ixcandescest ¥astle
2) Bavelengty, .; t) Tateesitv of radiatica, X

selective source of irfrared rays, et at the same tize bas the followiag »ais dis-

advaatages:

Sessitivity to ilnctratizos iz voltage, requirisg stabilizatiow br weass of

a tarretter; !

i
Low radiatica poser, sllowizz the rod lap te te used prinarily cnly uader
latoratorvy ccoditicas;

rapad¢ disirtegratioa of tke rod witk 1acreasizg tesperatare.

The Izcardesceat ¥aatle '

]
Ia its desagm, this zaatle coasists of & cap hearsd to ircandescerce iy o
flame of & liguid foel or zas.
Tre tody oi the maatie 1s pade of silk izpregzated witk thoriam cxile, with a

few pricent ceriua oxide added.
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A feature of the incandeacent Lurner is ite radi;r.ion over a very wide range recessary to produce a discharge iaside e tulb is applied to ticem. The ccastruc-
of the irfrared region of the spectrus, beginning fros 1 i (Fig.18) up to 109-150 . tion and design features of varicus gas-discharge lamps used ia infrared technology
Recause of the lec intensity of its radiation, however, the incandescent sartle is w11l be considered Lelow.

used only for laboratory studies.
- Section 23. Cates and Vecal Vapors Lsed for f11ling Ces-Lischarge Laups

_ Section 22. Electroluminescent Hadiators

Liectroluminescent -

The following zases are used for filling gas-discharge laups: ncon, telium,
%hile temperature radiatars yield 2 continuous epectrum, electrolunminescent argon (as aa additive), and the vapor cf mercury aad sodrnm. Scdian vapor is ches-
cources of radiation have a discontinuous line or band spectrus. Electroluminescent jcally active and rcacts with the glass of the laup tulls. Sisce the vapor pressure
( of sodiom ia the jure state is very low

Table 19 (0.0002 == Hg), a certaiz z=oust of neca,

Atomic and Electrical Data of a Few Gases and Yapora argon, or other irert gas whict is chewical-

Aueii Atomic | First Resonwnce Ionization 1y isactive azé does zot cosbize with the
<
Peight Poteztial, v Potential, v 1 3 4 o N

Hydrogen 1.018 - 13.53 ' “ N . obtaia the discharge.
Helivm 4.002 5.7 24.48 ) N

Mitroges 14.008 - 14.48 i N i
Caygem ) 16.5 - 13.55 data of a few yases and vapors used o fill
Reoa .18 16.77 247 - gas-discharge lamps.

Sodium vepor 23.0 2.1 5.1

Argon 39.94 1.57 15.69 —y— Secticn 24. Forxs cf Discharge ia Gas
Mercury vapor 200. 16 4.86 10.38

Table 19 zivec the atomic 22d electrical

)
Fig.19 - Volt-Acpere Claracteristic R .
of Gas Lischarge The »ost convenient way of :t_-dna! m/

" radiators make it passible to build high-intensity selective radiators with a maxi- a) Curreat, azp; b) ‘oltage, v; various fores of clectric discharge in a gas

sum of radiation in a very narrow region of the spectrum, depending on the gas used ¢) Arc discharge; d) Anozaleas glow
discharge; ¢) Norsal glow discharge;
. £) Tcansitional regioss; g) Sileat of tke gas diickarge, as shosa ia Fig.19. /
Electroluxinescent radiators have a number of disadvantages: the relative com- independent discharge; b) Sileat
non-independest discharge

is Ly plottiag the volt-ampere ckaracteristic
for filling.

. This diagrsa slows tkat, for the initial
: P - . : th
plexity of their circuits, which requires the use of chokes znd transformers e vection OA, dizect proporvicaality te
i i i ishi a re, etc. Th disadvaa~ i
considerable time required for establishing a steady state, etc ese 'Y cerrent and voltage exists. The subsequeat voltage rise does pot lead to aa ia-
imi i i slectrolumi. t radiato techni-
tages limit, to a certain exteat, the uze of slectroluminescent radiators as technl crease ip carreat, and over the segment AE thke curve russ aluost parallel v the
sl sources of infraed rays. abscissa. A further rise in voltage leads to aa jacrease ia curreat along tke seg-
E i di f the v i -disch tubes aad gas-
lectrolusinescent radiators o e type of gas-discharge tubes & ment BC. Taken as a shole, the regica OC 13 cailed the region of sileat npoa-
discharge lasps are heing used widely in infrared technology. In their desigm, ra- . A
independent discharge.
diators of this type consist of a glass or quartz bulb filled with gas or with a i .
The segmeat (G 13 characterized by coastast zoltage vitk rise cf currest. Along
vapor of certain metals. Metal electrodes are fused into the tulb, and the voluage
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the sesment DE, a voltsge drop occurs, shile the region CE 15 the zome of silent

independent discharge.
Along the segment EF (in the vransitional regicn) the voltaze drops rapadly,

the current increases, the gz in the lesp Legins o glos, and a por=al gFloe Jis-
’/2.;‘ 4 s 7,! charge fores in the region FG (vhere the

chent doet-nol depend oa tke voltage). A
further increase in current leads first to a
sharp voltage rise (up to pornt H), ané thea
to a sharp voltage drop (up to point 1), asd
in the region GI an ancealous glos discharge
takes place.

The last region, IJ, in which an arc
discharge occurs, is charscterized tv high
cacrant and low voltage.

Fiz.20 - Electirical aad Luwinous The gaa-discharge loxps used a3 soarces
Characteristics of a Glow Cis-
charge in a Gas-Discharge Tube

1- Cathode dark spsce; 2- Pegion of

cathode glow; 3- Nonluminous nega- ) .

tive dark space; 4- Hegion of nega- Sectioa Z5. M
tive glow discharge; 5- Faraday
dark space; 6- Positive coluen;

7- Hegion of anode glow; 8- Anode
dark space; a- Gas-discharge tube;
b- Intensicy of luminescence;

c- Distritution of potential;

d- Density of electron flux

of infrared rays usually operate urdes glow

or arc dischaxge.

The gas contained in a gas-discharge
lamp is always in a state of paitial ioei-
zation due to the actioa of external ioa-
izing forces: ultravioiet, radicactive, and
. cosmic radistions. lnder the actioa of
voltage applied between the anode and cathode, the electrons tegin to te dispiaced.
In addition to this electrom cxrrent there also oppears a cusrest due to the posi-
tive ions moving ir the direction of the cathode. As a resalt, the total currzat
increases. For a glow discharge, low curreat density and great voltege drop are
characteristic. Such a discharge is characterized by a tright gloe, shose color is

determined by the kind of gas in the lasp.

@ 50-Yr 2014/03/27 . CIA-RDP81-01043R002800190001-6

Figcze 20 shows tke z‘l‘ecluul -tbd luziscus characteriatics of a ;;xo; d1scharze
1a a gas-discharse take.

fipure 20,a shoss that Darectly at the catiode (}) ther: 18 3 zarrow remos (1)
called the cathode dark zpace. Thas iz adjorze? by the zegien of catdede glow {15,
followed v the regica of mosiomizous zegative Card spave (31, Tie zerative Zark
space is 1a turn adjoined tv rhe regica of cegatave giow disctarge (4}, pastiag over
1nto the Faradav Zark space (5), whick 13 turn changes over :aio tie trizhtly zlse-
ien positive ccluen {5), rerninatizg 1s tke reprca of wode zles (71, separated frow
the anode A tv the carros ascie dark space (8).

It will ie clesr frem §iz.20.t thar tie iztesmty <f Izmizescezce 1s £13tm3-
Lutsd rosuniforzlv aleoe the lacp. Ia tte regaze of the cattole Zark space there is
2o lupisesceace. Ja tte remen of the catbode glos zbere is a swall zaxixoe cf 11-
tessaty, Cizizishizg ca trassiticn to tte resmcn ci tie cerative <ark space aed
again sbarply risizg iz the region of zegativ: glew Ziscieree. Ia the repron of ke
Faraday cark space, tte igtessity ci immazescence dinps szarply and thex rises srads-
ally, assuaice a conswiat valze ia tie regica of the positive cclaza. The awode
rlow Las a sza}l =zaxizom of irtessity and thes falls iz tte arole dark space.

The potential is also Zistrituted irrepularly letsees tte elecercdes LFig.73.¢)-
Is the regica oi the Zark cattode sprce there i3 2 cathode potertiai érop. Ia tke
regicn of the regative giow disckarge tiere 13 a azaxizuz of potextial, whick Je-

clires first 1z tte zemca of tte Faradav 2ark space sd thes sacothly zises alsost

to the anode, stere a saall wpsard suxp of potertial is soved.

Tre density of tte elzctrea flax (Fig.20.d), tesizaizg from v cuzdode, rises
gracually to tke regioa of tte farsdav dark space skere a sxall zaxizom cccxrs. aad

tbea remaizs unchanged alscst o tte anode, where it iicreases sligktlv.
1
Section 25. Belivu Lamps
0
[
Tte telics gas-discharge spectral laap, whick i3 a resozant socrce of 1afrared
ravs, is schesatically sboms 1a Fig.2l Tiis lasp differs iz Zesipn {row ordizary

gas-discharge tiltes 12 wat its tzle costaizs a special cxprllary zxbe 12 vhick a

© et o o pomnin b S b e o
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current density of 500 asp/ca? is reached.
The brightness of radiation of the helium lasp is up to 600 ab, and the maxinnz

radiation is in the regioa 0.8-1u, i.e., is a zouice of near infrared rays.

i

» o2

12 15 2
)

Fig.22 - Hadiation Spectrus of & Belium

n B

Fig.21 - Diagran of Heliuw
Lamp

In 1934, Ye.Cevyatkova and N.Devyatkov developed an original type of helium yas
discharge lamp (Bibl.6). The tube is made of molybdenum glass. The anode and
cathode are located at the ends of the tube. The cathode is wade of oxide-coated
tantalum, and has the form of a cylinder, within which a tungsten spiral for heating
the oxide layer of the cathode is placed. The helium charge of the tube is under a
pressure of 4.5-12 wa Hg. The voltage reguired for a discharge to occor is 40-
©0 volts aL a current oi 2-12 amp.

The radiation spectrum of 'this lasp (Fig.22) is mixed. Together with a strung
resonance line of helium at the wavelength 1.08 1, the spectrum has a continuous re-
gion of radiation of the incandescent cathode in the range 0.8-2.95 1, with the maxi-
mum of radiation at 1.8 . Both .tyycs of helinm lemps zay be uzed as radiators of

short infrared rays. I

|
Section 7. The Cerium Resonance Lamp !

The cesium resonance lamp consists of a bulb filled with cesium vapor, Inaide

@ 50-Yr 2014/03/27 . CIA-RDP81-01043R002800190001-6
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3

Tre lasp ia a selective source of néar

the tulb is attached a tube with electrodes.
infrared rays of great radiztica intensity in thia region. 'lo preveat the destruce
tion of the glaas due to aksorption of cesies vapor, the inper surfaze of the tulb

is coated with a thin layer of a special corposition. The laap is preducrd ia $0-100

and 500 watt sjves.

() The 100-watt lasp (Fig.23) conaisis of ohe tube N, 125 &= loog azd 35 es 1a Ji-

aseter, filled wath cesian vapor and soae inert gas, such as argon. The tskte cads

in the bulb B, 50 ta in diaweter, one end of shich rerainates ia
the four-pia plug TS.

Tee discharge takes place betw:ea the tso spiral tungstes
electrodes E coated with tarium and strontiam oxides. The dis-
tence tetveen the electrodes is 76 am.

The fact that the tobe is filled with argoa w1th 2n admixtare
of hydrogen (0.006%) facilitates igitice asd imcresses the ia-

she

tensity of the lpminazcescze of
of 100-Ratt Cex-
ium Lamp

of 200 em Ba, the laup has iis caxisom resonast radiatice ia the

O

7 region of the near infrared rays. Pith decreasing pressire, the

rescnant radiation diziaishes, while with increasiag pressure it shifts 1ato the

© - yisibie regicy i the spectrea, and the burning of the lamp becomes unstable. tip-

ure 24 -%ers the radiation spectrur of the cesium lamp. The saxisus radiatioa of

’ the lacp rorresponds to the waveleagths 0.86 and 0.€9 u.

A 100-watt cesium lasp Las a power omtput ia the infrared region of the spec-

trus cquivalent to the output of a T00-watt incaadescent lsmp.

The cesium lamp has the very valuable property of permitting almost complete
xodulation of the current. The xodulatios characteristic givea ia Fig.25 shows
that the zodulation percentage, over the greater part of the andio- frequency raage,
is G0% and,at 10,000 cps, amouats to akout 50-70%.

A 60-watt imcandescent laap is alse wodulated by an sudio-frequeacy curreat wp

to 6000 cps. In view of the great thersa} inertia, its perceatage modulatioa at a

frequency of 1000 cpa is cnly a thousandth as great as in the cesium lamp.
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tipure 26 shows a wiring diagras of the cesium lamp. The tungstea electrodes Section 28. Vercury Lasps
sndi ¢
are heated to incandescence by currest from the winding of the transformer Ty 16 wmp, Vercury lamps sce widely used in various ficlds of spectroscopy and infrared

2.5 v) for one minute, after which a discharge takes place betacen thes. The technology. The ifizst patent for a mercury lazp (low-pressure) was issued 1a 1379 to
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tig.24 - hadiation Spectrum of the Fig.25 - Modulation Characteristic of the ) GC‘ =
Cesiux Lagp Cesiua Lazp i a)

&) Wavelength, u; b} intensity of a) Frequency, cps; b) Percentage molulation,X Fig.2? - Fadiation Spectrum of s “1GAE-2° Type Vercury Lamp
radiation, ¥ 2) Warsleageh,.; E)\Xlttuily of radiatios ia relative ui’,u.

L N i
suppiy of the iamp are fed from the tte Fussiza scientist Professor Fep'vev. !
he Lamp { i turned for - < s seseso o -
Le lawp sad aiter it hus tur (ﬂ, The arc dischzrge is mcrcury 7vapor has certiin pecalisrities ty caxpanisos with

the discharge ia other vapors.

Ia nercury lamps, together with as electrom crrreat, 2e inm currest passiag

" from anode to catbude is generated. The density of tte electroa aad ioz curreats
depends on tke velocity of the electrons aad ioas. N
_ Since the velocity of electrons is considersbly higher, the deasity of the
electron curreat is also higher than that of the ion carrest. For this reasoa thke i
P:i5-26 - Wiriog Diag_r; o{’Cesiu. Lasp: total discharsze cuzreat oi tke mercury arc is determiszed prisarily by the electroa
T, - Starting transformer; N - Vodulator; L - Laxp; C - Capacitor curreat.
of wodulator; Ty - Transformer of wodulator

a) Direct’ curreat Vith increasieg cxrreat deasity, tke nuxter of repeated coilisions ketseen the

. atoss, as well as their caergy, iccreases “stepwise® or, as it is comsonly 2x- | !
one minute, the DC voltage is turned on and the current drops. Thea the 300 volts "

 amien i wls imagenas 3 iy A ot s A3 Vi T Ht A S BB A A it S st

disch in th .\ pressed, “stepwise iczization® takes place. \
i d off; 15 minutes later, the discharge in the {
AC and the heater voltage mie turned o bor Lanps with elevared pr. de b » retron of + Tuai-

< tesdy state), and a modulating voltage caa te ixposed oa the ) "

P besonen stendy (stex ' ' nous discharge columa is characteristic - 1ts constrictica 1ate a sarrow “thread®
forner Ty. .

lawp across the transforr 1 of very great trightaess ( “threading®).

g

°
57
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Depending on the pressuze of the mercury vapor ﬁl\i"lg the laep, there are three

forms of mercury-arc discharge, at Jow, high, and extreme mercury-vapor prezaure. In

this connection, mercury iasps ave subdivided into lesps of low, high, and extrexe

pressure.

At low mercury-v;s:por pressure, not exceeding & few millizeters Hg, and low cur-
rent density (atout 4-5 mp/uz), the maximes radiation occurs in the ultramiojet
region of the spectrum.

Table 20

Cistribution of Radiation Energy over Spectr
Yercury Lamps (Bibl.T)

u» of Low-Pressure

Spectral Cistrilution of Radiation Evergy, %

Power Input Ultraviolet Begion,

Visible Regicn
Vatts 0.2-0.39 1

0.29-0.75 n

infraved Rrgien
0.7€-4 1

250 090 54.5 15.4
300 3.9 52.3 .8
350 0.5 51 18.6

400 9.8 @t 9.4

At high mercury-vapor pressure, the current density and concentrations of atome

and ions increase. Under these conditions, the phenozenon of threading cf the dis-

charge column takes place, and the resonance lines of radiation in the visiltle re-

gion of the spectrum are intensifizd: the yellow linea at wavelenzths of 5791 ead

5770 K.mﬂ' the greea line at 5460 R, as will te seen from Fig.27, which skows the

vsdiation spectrum of the mercury lamp.
At extreme precsure, the curreat density is still greater, 2ad the radistioa

in the infrared region of the spectrua increases.

Consequently, depending on the form of the diacharge. the distrilatios of ra-

Jdiation energy over the spectrum also varies.

Table 20 gives data on the distribution cf radiation epergy over the spectrum

of low-pressure mercery lamps.
Figure 28 shows the spectral distribution of radiatioa eaergy of three cxtremes

pressure mercury laxps, 4.5, 2, and 1 = in diameter, respectively (Fig.28,a,b,¢),

@ 50-Yr 2014/03/27 . CIA-RDP81-01043R002800190001-6

at respective pressures of 'éO, 129, -Ld"m-o ate and .po!u.till- g;adie“t‘l-.o( 20, %2,
and £00 vatt/cm.
The curves are plotted irom rne data of zeasarenents {Bitl.7) aas show that

with incressed prassure the line zpectrom chacges inco a continuous sprctrem.

30
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Fig.28 - Spectral Distritution of hadiatios Eaergy f.or Three Extreme -
Pressare VYercary Lamps:

a- Diazeter of lamp 4.5 am  pressare 20 atam, potestial gradieat 120 watt/ca;

b- Ciaseter of lasp 2 zm, pressure 13) atm, poteatial gradizat 52 vati/cm:
c- Diameter of lump 1 =, y

A

Fpros

smce 00 ata, poteatial exzdisat £0) wart/cm
1) Fadiation energy ia relative units

Table 21 gives the spectral distrilutica of radiatica esergy (ia X} of extreme-
Pressure zercury lasps.

Extrece-pressure lanps have a high efficieacy.

For lemps at 200 atm prezsure, the total radiatioa poser mmcunts to aboer T5%

of the power ieput, shick izdicates tke great econosy of the lamp.

At a lum:zoas

STAT
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efficiency of 65 le/watt and » paver insput of 710 vatis, the lecp rodiates a {lux of

46 % 10° Im. To ocdtain a sisilar flux from a tungsten incandescent lawp would take

Table 21
Spectral Cistribution of Radjation Energy of Extrese-Pressare
Mercury Lamps (Bibl.T)

Lap Cata Spectral Dustnitatics of Bedzant Ererzy.®

Cradient,

Lunincus
Efficiency,
Im/watt

A<Q4u | AT0410.T2 A20.7 0

vatt/om

<00

2]
2
2800 34

|
120 l b4
|

1760 watts, or 2.5 times as guch power.

With increasing pressure, the radiation pover im the infrared poriioa of the

) spectrum also increases. At a pressare of 200 aws, it reaches 3% of the total rs-

= diation of the lamp. For this reasoa extreme-pressure merciry-arc lasaps are good

radiators of short infrared rays. °

° " Section 29. Extreme-Pressure Mercury Lasps

According to their desigm, excreme-pressure lasps (SVD) may Le surdivicded imto
" three types: capillary and spherical with patural cooling, and weter-cooled capil-
-» lary.

This classification is based on the operating conditions of the lamp. The
bzightaess of the radiation of m=ercary-arc lamps depends om tke pover conssaed. This
power is limited by the heat-resistaat properties of the tulb, which is xade of re-
fractory quartz glass.

Extreme-pressure capillary mercury lamps with aacural cooling are designed for
a pressure of 20 ata and a power of 2 watts.

The capallary mercury l2ep consists of a quariz capillary tulte, of 2 om inside
dimseter, 6 sm outside diameter, and 35-40 mm lengzh. Teo tungstea electrodes are

inserted inte the tube at the ends, and are separated from cach other by a distaace

Approved for Release

@ 50-Yr 2014/03/27 . CIA-RDP81-01043R002800190001-6

- R

e ea 5 e e e e e 8 (T RETI

aot exceeding ) we. The tabe is fifled »ish ..-u'-giuy -ng.or.- As 2 ressls of tle bish

preszure, the discharge colzan ia the tabe of the lsap is drsaa ialo a carroe tiread

-~

ol

e$I5 A DYy PIY
a)

Fig.29 - lisliazica Spectrsm cf a SYL-256 Wercsry iscp
2) Pavelenszth,.: b) istesaaty of rad’stica iz reiazive

smits

* of a Ciazeter ot over 1 am, thasks t3 whick the hagh rrightzess of tte ratiatica is
otraraed. 5igwre 23 stows the spectiom of radiatice of the SYL-2%) laap.
1ke sphericai lacp {Fix.23} comsists ol a spherical geartz txlt cf 10 m cet-
side diameter sad £.5 am irside dismeter. The lemgtt of the tabe is 13 =, aad the
distazce Letwess the electrcdes 15 ma. Sgecial spirals placed oa tie electrodes are

ased for heatizg. At aa ecergy cosszxptica of 70 sacts, the lanp kas a lwmincas

Fig.3) - Arraagezest of a SVO Spherica) Lamp:
.'~ Tungatea electrodes; G- Spirals of cxide-coated tzngstea; A Crartz
talb; ¥- Volytdesum foil; P- Coatacts of electredes
a0 ‘4
efficieacy of 9 ls/estt.

Tatle 22 gives the parsaeters of cagillary aad spherical extreme-pressure
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gercury laops with natural coolisz.

The water-cooled cepillary lasp is a quartz tute 150 =& long, placed 1a another

vqulru tube scrviag as & jacket for the coolant water., Tehle 23 gives the parazeter

Table 22

Parameters «f Super Righ Pressure Naturally-Cooled Caprllary and Spherical
Mercery Lamps (Bibl.8)

Ienition |Forking |Cesreat,| Power, | Pest-lp |Brightaeas) Lo Lomisa: e
Voltage, ¥|Voltage,’y| “*® Vatts | Time, win- EY Teliciency,
lejwstt

Capillary 1% 118 0.4-0.75 n-36
Sewe 1500-2000 | 1250-1800 [2.5-1.2 3

Spherical 70-90 3 »

of these lamps.

Section 30. Basic Cata on the Theory of the Arc Discharge

Before discussing arz lazps in vhich the source of radiation is an electric arc,

we will present Lesic information ca the theory of the axs discbarge.

Takle 23

Parameters of Super-Highk Pressure Cupillsry Mercery Laaps,
- Wazer-Cooled (Bibl.?)
T tle

4

o sp-500 | 1251 21 6
SP-800 | 10 113
SYLY
(NELZ)

| e 3 e | ] 4 3 .
51 0| 15 | 13] ae | 3000 500
o en ) Ls | n3| o | 30,00 2
1w

1000 15-2.0‘ - ]soo-soo 6,000 | - ‘ax .
{

a) Type of lamp; b) Length of d-acharge,mm; c) Inside disreter of tube,mm;

d) Outside diameter of tube, mm; o) Mercury-vapor pressure,ats; f) Pover com-
sumed, watts; g) Yalue of current, amp; h) Curremt, amp - AC; i) Curreat, amp -
DC; j) Vorking voltage,v: %) Luminous flux,lm; 1) Maxisus brightness,sb;

=) Luminous efficiency,ln/w; a) Life, hours.

An arc discharge develops iro» 2 glow discharge when the current dsasity is ia-

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6

creased o a value sn!ﬁciuﬂ.’u: heat the catlode to l.;;;e-rllure a” ;hici z-’il‘:ol’
oi elsctrons Legias, i.e., at shich therzoelectronac esission occurs. The high tes-
perature is xaintaised ty the tombardmsat of the cathode with positive icos. This
fore of discharge, called the theraal arc, is otserved is
eleciric arcs.
1f the cathode zateriz] bas a lew vaporization tes-
peratare ( for isstaace, sercurv), thea vaporizatica takes
place lefore the tezperature aecessary to start electros
em1s2ion 15 reacked, and at a certaiz pressure, a disckarge

Fig.31 - Cistritution occurs with a coid cathode. This iz explaized ty thke fact
of Potential ia an that the zesa free patk of electroas 2t kigk pressares is
Arc Cischarge

very short (atoat 10~5 «x) sc tkat ioaizatioca takes place

around the cathode. The positive space charge, forxed as a cesalt-of ionizaties, is

concentrated at a certaia distance frow the catbode, equal to the zmeaa free path of
the electroas. This space ckarge, together witd the electrons,
jayer with a poteatial gradieat reaching 10%-106 wattfcx. The discharge taking plaze
is called aa autcelectronic aze, or a cold-catteie arc.

Figure 31 shows the poteatial distrilotioa i varicas parts of the arec.

Tte cathole-potential drop Uy is relatively smail (13-15 v), which distisguishes
the arc dischazee from the gicw discharge, ia which the cathode-potestial drop

reaches 250-300 v. The length of the segzeat of the cathode-poteatial drop Ly for

an are discharge iz negligibly ssall, aborter tkse tke mean free path of the elec-

trons, which, for a carkon arc is air, is 0.0) am.

Near t.h:‘ ancde, oa the segment Ly, tke anode-poteatial drop Uy is fermed. The
sepment Letweca the regicas i the anods aad catbode potential drops is called the
lurizous, or pesitive, colma. Ia electric sres, this segment 18 cocupied by tke
flaze of t‘.e arc. The poteatial drop Uy i the region of ke positive colxma varies
by a liaear law,

The total potential difference lLetveea the tlectrodes of aa arc is determised

a3 the sum of the pateatial drops over the individual sepneats:
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tlack and watsrglass. Electrodes with ;;ckl tuca xore nn‘bly than cario; elee‘nodu,
since the softer cass of the sick, evaporating sore strongly than the carboa shell,
Let us consider the various types of arc laps, Tavle 24

Cistribution of Lu=:zous Flex in em Electric Are

Section 31. The Sisple Electric Arc

was discovered in 1802 Ly the famous hussian scientist Profea- Lominoes Flux 1n % of Tota] Lmmincus Flux

The electric arc
Pesitive Meqative

. : Electroce Electrode
The arc discharge, or arc, is “Crater)

Type of Current Flaoe of Are

sor V.V.Petrov.

Figure 32 gives the diagras of the simple arc.

The cathode (5), heated to in- oo " "

formed between txo cerbon or graphite electrodes.

5“ ~ ‘ . candescence, is a son
b

As a result of Lombardment by the electron stream, the anode is

o
T

E_ 7} hested to shite luminescence und a depressioa, the crater (3), at a

> 4

rce ot eiectrons traveling toward the anode {1). . ac i .5 as

fores a gas cloud intensifying the ionization of the arc, thas facilitating ignitioa

\\_—-3?_'—’3 tewperature of up to 4000°K, is formed oa it. o _md maintaining the stability of the Lurning cooditions. The rate of turaing of the
Y

e This is explained by the fact that the electrons traveling froe carkons under norzal conditicns is 1 sm/m:
the cathode, impinging on the surface of the anode, give up their ‘The simple electric are has =ha Zdesceadiag churscteristic - the

kinetic energy and disintegrate the angde. R voltags Letween the electrodes Jecrzases =+1) jacreasizp current. To eliminaze this

Bi "lhe lusinous properties of aa zre ave determined mainly by the
Fig.32 - Dia-
graa of Sizple tezperature of the crater.
e Adn‘:.' Juminous flux of the arc, the flame alout 5%, 2ad the cathode alout Dependence o1 Loninons Tatensity and Srightaces of rie Siaple Arc
‘1’- (‘n::;! 10% : on the Cuzrent Value (Bibl.9)
. % -
-nnd;;l!- Crater The anode, or positive electrode, is 20-40 mm in diameter and
4 - Flame arc; !
5 - Incandescent has aa operuting temperature of alout 4200
cathode;

6 - Csthode

The crater radistes atout 85% of the Table 25

d = 20, d = 28 om, de = 32 mm,

*k. The cathode, or nega- . * Tam d = Itmm 4 = 20w

tive ‘electmde, is 9-70 wem ia dismeter and has 3 tewperature of about i I, ed B, ab Lo B s 1, d B, sb

3100°K. Aa arc lamp can operate oa either IC or AC. 1If aa arc is 5,200 15.000 4,000 j -

60

] 8,000 17,200 8,000 - -
. - is f 4 100 11,000 19,60 11,000 8,30 14,200
When an arc is fed by AC, the carbons turn down upiformly and nc crater is forme: - 120 . 12,000 15,000

fed with CC, the positive carbon burns considerably fl‘ner thea the negative carbor.

but the luminous flux obtained is smaller thaa with DC. 140 16,000 pER v 15, 400
S . . ; 160 . 16.200 15,640
Table 24 gives the dxn.nbuu_m]a‘ of the hmxno»\u flux ia the electric arc shea ( 22,50 o 0n0 15700

iyt i 200 - 22,500 15,200

in the anode,

fed with DC and AC.
The anode and cathode af the simple arc are usually made of carboa or have

phencsenca and stabilize the operation, an additional resistaace is connected i

wicks enclosed in & hard shell of carbon, The wicks are made of & mixture of lamp-

13

AR BT e W ma kit et o e, —
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series with the circuit of the arc, thus making the ch-ra.e;e.ri;l_ic assu=e an e
;:ending slope and c;uling the arc to lurn stably. The additicnal (lullu;t) r:3istor
absorbs from 30 to 50% of the power of the src.

The brighéness of simple arcs reaches 18,000-20,000 st with DC feed and alout

'i2,000 sb with AC feed. bs brightness of the arc is only slightlv dependeat on the

length of the src and the value of (he cur-

rent. With increasing current only the luxa-

nous area and lusincus intensity increase.

Table 25 gives data showing the dependence

of the luminous inteasity (1) and the

brightness (B) of the simple arc ca the
value of the curreat at various disceters of
Fiz. 33 - Hadiation Spectrum of
Sizple Arc
a) %avelength,u; b] Luminous
flux in relative ucits

the positive carton (d.) und of the azgative
carbon (D.).

As will te seen from Tatle 25, ia the
first pair of carbons, shen the cnrrent increases, the lumiscss intex
by a factor of alout 3 times, while the brightness increases Ly a factor of less
than 1.5; in the second pair, the luminous intensity increases 5.5 tixes, aad the
brightness about 1.7 times; ia the third pair, the luminous inteasity iscreases
2.7 times, but the brightness hardly increases at all. The luwinous efficiency of
the arc is about 12-14 lm/watt at 2 curreat density of 15-17 asp/ca’.

The brightness temperature of the crater is Ty = 3800°h, and the truoe teapera-
ture T, = 4000°K.

At constant arc length, an increase in curreat frem 8 to 50 amp, and 2a 1ncrease
‘in current ae.nsity in the positive carbca from 30 to 210 asp/cw?, causes no change
in the brightness of the crater. In ordinary arcs, therefore, the curreat deasity
does not exceed 30 axp/cm?. The Lrightoess of the sicple arc increases only with
increasing pressure, since the vaporization temperature of carlon i1ncreases with ia-
.ceasing pressure.

The spectral distritution of radiation energy of simple arcs is shown in Fig.33.

TRIIPRY RSE

The radiation maxinum is ia the rexio-'ol 0.‘}-0.& e 'lhn;l'!};e ordi--n- arc is a good

source of short-wave infrared rays.

Section 32 The Hi gh-Intsnsity Arc

The bigh-iatensity arc daffars frow the sixple arc by an electsode arvangement
shick allowa the current density to Le increased, and consequestly iaproves the il-
luxination characteristics of the arec.

The positive electrode of a high intensity arc cnsists of a hard compressed
shell and a wick. The cick diaceter is usually 50-65% of the shell diaxeter. The
shell, as a rule, contaias wineral additives, and ccosists of cartenblack, coke, or
graphite, and 1% boric acid.

A shell xaialy coasisting of cartom tlack, is used at low curreat densities,
while & graphite skell 1s used at high current dessities.

The wick of the positive electrods consists of a 3-50% mixtare of rare-earth
fluorides (for instance fluorides of ceriws, sawariuw, aad lasthanom), mixed with
cariton black or graphite, with about £% teric acid added.

The lumianos pronartiss of the az¢ depends om the cozpositios of the shell 2ad
the wick, and on the rethod of zanufactariag tke wick.

WRicks for hipgh-intensity arcs are eitier taaped or imserted. A tasped wick is
obtained tv ccapressing a liguid wick xass into a pre-fired shell. h/r._‘.i= case

liquid potassium silicate is used as a Liader. To obtais an icserted wick, the wmick

mass is passed through a round opening under pressare of soze teas of atsospheres.

Various powders can le used aa biaders ia this case.

The negative electrode, like that ia a sixple arc, bas a wick. The carlons for

a high-intensity arc have a corsiderably greater trightaess aad luminocus i,tu-ily

thaa the cartons for a sizple arc. The lrightaess of the carboos of a siaple arc
does not exceed 20,000 st shile that of the cartcas ia a bigh iateasity arc may
reach 80,000 sb. The respective xavizus valves of ¢he lariaous iateasity are

22,500 caedles for a siuple arc and 110,000 candles {alxost § tixes as grest) for

tte high-iateasity are. .
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Figure 34 schematically shows a );i#:-intcnlity arc. “As shown ia the diagram,

" the form of the flaze and its direction are the ss=c 2« in the sisple arc, tut a

bright gas cloud beginning it the :rater is forxed in front of the snode. lhe {lame

from the cathode forces this cloud toward the anode, concentrating the gases in the

depression of the crater. The brightness of the anode cloud is pany tixes as grest
as that of the flame near the cathode.
The crater Kms::ed in the positive elec-
trcde, as a result of 1ts vaporization at
high tesperatures (atout 2000°A) and 23 a
result of ionic tosbardment, is filled
with the vapor of the rare-earth metals
forming part of the ccepasitica of tke
wick of the positive carbos. The nega-

tive ions formed near the crater, ueder

the action of the electric field, form & negativeiy charged layer which determines
1
{

the boundaries of the flame near the anodé.
The iti i slice with the electrons and negative ioas ewitted by the

cathode; in this case energy is given off in the form of luminous flux. Thas, ia
contrast o the siaple arc, in the high-intensity arc the sure therzal radiation of

the crater is supplemented by the luminescent radiatine of the cloud of inceadescent

. vapor of the rare-earth elements contaioed in the positive electrode wick. Oving to

this fact, the high-inteasity acc is brighter thaa the siupie are.
The combustion products of the arc form a tongue of {lame between the elec-

trodes, which, in the form of the so-calied “beard” is projected in the Leam of a

searchlight.
iligh-1ntenaity arcs usually operate on DC, since their efficieacy, whea oper-

ated on AC, ia lower.

The high-intensity arc has aa asceading volt-ampere characteristic, sdich makes

the use of an additional resistor uanecessary.

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800180001-6

The curve 1 of the xpe:trll‘enzri_ry distritation of the l—\vi-gh-i;t;uir.y_nc‘,‘
in Fig.35, indicates that this arc has no siked advantages over the siaple cre
(curve 3) as far as the distrilution of radiated.eaergy in the infrared portion of
the spectrus is concersed.

This fact, as well as the necessity of using special devices for focusing and

rorating the positive carbun alcut the axis, and the necessity of cooling systexs,

1

f
*
1
i

=

3

& »
Fig.35 - Fkadiarion Spectra:
1- Of high-iateasity arc; 2- Of a black tcdy at T = 50C0°K
3- Of a sinple arc
a) Wavelength,:; t) Eadiant {lax ia relative anits

£}

rake the design of this arc lasp considerably ncre complicated.

lii:h-inlu‘uily arcs are ased in ordisary long-ramge searchligkts. Such arcs

are produced in special arc lamps whose design was {irst developed is 1874 by the
" fauous Pussian electrical esgimeer V.N.Chikolev.
The circuit of the aic lsap is givea ia Fig.3%. The electrosaget (5}, cea-

“%. pected in series with the feed circait of the electrodes, easures 1nstaatanecus ig-

nition of the lsmp. The elcctromagaet (7), comnected ia parsllel with the feed

circuit, as the negative electrode turns asay, aatoestically triags it closer to

the positive electrodes, thus regulating the distsace between the electrodes, aad,

consequently, the length of the arc. The electromagnet (6) serves to hold the

. crater of the positive electrodes ia the focal plane of the projector.

Y.y

1
contact with the positive electsode after which the electzodes are separated Ly tke

Ia laaps without automatic ignition, the aegative electrode is browght iate

necessaty lengtk of the are. In lamps with automatic ignition, whea the goser
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supply is turned on, the electcodes are brought 1nt> contsct Ly a spring‘utuched to

a lever connected to the armature of the zlectromagmet (5). Whea the power supply is

a

Fig.36 - Circuit Diagram of the Arc Lamp:

1- Anode; 2- Cathode; 3- Additional elec-

trode of red copper; 4- Besistors;

5, 6, T- Elcctromagaer; 8. Mctor actu-
ating arc lasp

turned on, a curient flows through the

winding of the electrozagnet (5), and the
electronzgaet attracis the amalu‘re, con-
nccted over a lever with the shaft of a

iead screw zhich separates the cartons by
the distance necessary for arc formation.
The electromagnet (7) periodic:lly-hring.

the cartons closer together, so that the

arc does not go out when they bura down.
Section 33. Tungsten Arc Point Lewps

The tungsten arc lamp, becausz of

the scall size of the arc dizcharge. is

_ called a point lamp. A charncteristic pecelisrity of lsaps of thix typs is their

high over-all brightness. Figuie 37 gives an external view of the tungstea lasp.

Fig.37 - Layout of Tungaten Arc Laap

[ig.38 - Layout of Peirt Arc Lawp with
Conical Incandescent Body

The arc diacharge originates at the instant of separation of the teo tungstea
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electrodes, having the fors of a sphere and hesisphere of a di szeter of 1-6 :-;vdc-

pending on the pover of the lanp, The tulb of the lamp is filled with nitrogea or a
zixture of helium and neon. %hen the voltage is turaed
off, the electrodes are in contact; at the instant the
currest is supplied, a high current passes through a
bizetal glate. The nlate. hested by the current, beads
and aeparates the electrodes by the required distance.

The brightaess of poiat lamps of 1 kv powez is
2500 sb, at a luninous intensity of up to 4000 candles.
The laxps a2y be fed Ly CC or AC.

Tungaten arc lacps with aa incandescent lody ia the
form of a sphere have praoved to be inconvenieat in cper-~
ation, and this led to the necessity of developing 2a
izproved design of the tuke with a conical incandescent

Fig..® - Layout of Coam- tody (Bibl.10).

bination Lamp:
1- Tangsten spiral;
2- Mercury lasp;
3- Bulb

With as iacandescest tcdy of such form, its pro-
jectioa is corpletely filled by the luminous filazents.
The brightness of such a lazp, of 100 watts power
_ and 12 v voltage, i3 egaal to 1180-1510 sb, while the area of the projection oa a
plane perpendicular to the axis of the cone is only 0.11-0.158 cm?. The life of the
laap is about 270 hours. The lamns can be sade for various voltages from 5 to

[ ]
40 volts, and in sizes of 30 to 3000 watts. The incandeaceat *.dy is placzd slong,

or perpendicular to, the axis of the hulb.

The principal advantages of this design of the point lacp are: its relztively
great brightness, its use of either [C or AC, sud tle possmibility of directly coa-
necting it to the voltage source withont a srerial connection circuit.

Figute 33 schematically shows an external view of the voint tamp with a coaical
iscandescent tody.

The conbination lamp developed Ly the Moscow electric lamp plamt is a good
source of near inirared rays (8ibl.10s). The desiya of such a lamp is schematically

showa ia Fig.39. It consists of a cosbinatioan, ia a single lulb, of an extreme-

1043R002800190001-6



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6

of a mixture of metal filings and lachi'u; eil.’

‘pressure l'o'-po-'cr mercury lup and a tungstea incandescent lamp.

gaten spiral (1) which is the priscipal source of radiation in the The continuously rotating mixer P waintsins uwniformaty of the mass, Withia this
The tungs .
asss, a ssall cartolite sheel {X) rotates and entrzinu the mass, causiag a visccus

coatiag (P} of metal filinga té form om

bl ]
P [\ REDS \ the sucrface of the sheel.

P \[\__ Xi\_- i 4 Py zeans of the conductor-diickarges
|

A
! :

(P), a kigh voltage is opplied to the sur-

2
b)

! |
i

3.

=0 a)xv discharges Eetween the conductors pra-

iace of rthe sheel across an iaductor. The

Zuce electric oscillations whose period
Fig.42 - Radiation Spectrom of Yass
' . Padiator
gs5 03 a6 47 3803 u_’ﬂ 16 18 a) Wavelength,s; 1) Iateasity of tke filiags.
Fig.40 - Spectrun of Cocbination Lamp radiatics, %
ty of radiation in relative - of the radiution spectrum of the

is decerzined prizarily by the size of

Figure 42 gives the curve

Glagoleva-Arkad”yeva xzass radistor.

infrared region, is cunnected in series wi L Sectioa 35. Extrece-Vressure Krypton-Xemon Lesp

- ballast resistor. ) .
_ ballast resistor ? Fxtreme-pressure 250- and 7S0-watt kryptca-xenon laeps are of iaterest as ra-

Fi i h £ tral rgy distritution of the radiatiom of
ipure 40 gives the curve of speceral enerhy diatora in the regica of the near infrsred. The 750-vatt lamp is desizued ia the
the combination lsup. As indicated by this curve, the -7 . - A
- form of a quartz tute 3G us ia dimmeter with two vertically arranged tungstea eclec-
lawp has a continuous spectrum in the near infrased re- M i
trodes. The upper slectrode, which is tke catlode, i3 ccated with aa oxide layer.
gion, with individual maxiza of high inteasity. -
- The ignition of the discharge of the lamp is effected Lv mezas of o third electrode,

Section 34. The Mass Radiator -of tungsten wire, placed perpendicular to the cotkode and ancde. The laap is filled

In 1923, Professor A.A Glagoleva-Atkad*yeva pro- with a mixture of kryptoa and xenon under i5-30 ata pressere.

FETRE .

In the near infrared region, the lamp radiates a conticuous spectrxs, approack-

poted a new and original source of infrared rays called
ing the radiatios of » tlack body at a temperatare of 5200-5700°K, with iadividwal
the mass radiator. The rass radiator consists of a . . . . .. )
intensity lines is the regions 0.76: 0.82; 0.84; 0.9 and 1 . Bith iacreasiag

iating in the interzedi i f th o~
source radiating in the incerzeciate region o © *pe - atomic weight of the gas, the radiatios maxisus skifts toward the losg-wave portioca.

) Fig. 41 - Schematic Diagram trum lying between the shortest radio waves and the loag

L. M Hadi A pulsatiag discharge is one of the forss of aon-stationary gas discharge, re-

ol Has 1ator infrared rays. Its design and principle of operation . . i i i . .

, sesbling a spazk discharge. Wiea high-capacitance high-voltage capacitors are dis-
R . . 1y .

axe explained in hg.ur . charged into a gei-discharge tube, aa exceptionally great brightaess, as high as

The glass vessel A is filled with the su-called vibrational mass M, coasisting

Mo A
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60 x 104 sb, may Le obtaised, with the flash of the lamp persisvent about 10°% sec,

One of the types of pulse lanps developed resesbles the extreme-pressnre krypton-
xenon lamp. The difference is only in the interelectrode distance and the bulb di-
smeter. A lamp of another type is made in the form of a tube of refractory glass or
quartz,-with an inside diameter of 1,5 to 10 em. The eads of the tube are provided
with chindriéll nickel electrodes, s;zaetiucs coated with a layer of barium or cesi-
um. The distance between the clectrodes, according to the voltage, may Le as great CHAPTER v
as 1.5 m in high-power lamps. EFFECT

Pulse lamps are usually charged with 90% krypton and 10% xenon, but the lacpe S=ctron 36. Principal T:pes of Hadisnt-Esergy Indicators

may also be filled with helium and nzon, thus shifting the radiation spect Jm toward The conversion of radiant energy into other forxs of encrey (electrical, eechan-

. the longer wave porcion. o ical, chewical, or therxai) is accoeplished in various ways. The instrusents and
In concluding this Chapter, we present a Table of the principal data of gas- devices servizz to comvert radiant eaergy and to record its conversion into some
" dischsrge lasps (cf.Table 26). other forx are called receptors or indicators of radiant energy.
Indicators thaz directly transform radiant energy 12to electric energy, using
tuc photoelectric effect, are called photoelectronic indicators. This group of in-

dicators includes photocells, photcelectric cathodes of electron-optical transducers,

Y and electron multipliers.
Other indicators of radiant energy are theroocouples, Lolometers, optico-
acouatic and paeumatic indicators, which transform the energy into heat, thus heat-
’ ing a sensitive elewent.
’ The conversion of radiaat energy into chewical enmergy is detected by photo-
. .. graphic plates and luminous cospositions, or lminophores,

Indicators of radiant energy are divided iato selective aad nonselective. Aa

“indicator is called selactive if its sensitivity depeads on the wavelength of the
" incideat radiant flux. This group includes all photoelectric, chezical, and lumi-
nescent indicators. Noanselective indicators have a constant seasitivity im a defi~
nite, relatively wide region of the spectrum of infrared rays. HKepreoscatatives of
the group of nonselective indicators are, for instance, thermocouples and bolometers.
The technical types of photocells, in existence at present, use three forms of

the photoelectric effect, extrinsic, iatriasic, and in the tlocking layer.

87
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" Section 31. The Concept of the Extrinsic Potoelectric Effect

ﬂ;e emission of electroas by substsnces under the sction of radiant energy flax
incident on its surface is called the extrinsic photoclectric effect. Absorption of
this additional energy causes the electrons to fly off the surface of lhz substance.

‘The simplest device for producing the extrinzic photoeifect consists of a xetal
plate (e.z., ailver) negatively charged (photoelectric cathode), and a metal anode.
1f a galvanometer iz connected in the circuit, a current sppears in the circuit shea
the cathode is illuminated, causzcd by the electrons escaping from the surface of the
photocathode and impinging ca the snode.

Cetailed studies of the extrinsic photoeffect were first conducted in 1868 by
the prominent Pussian physicist A.G.Stoletov, Professor at Moscow University, sho
termed this phenomenon the actino-electric effect. He made a raluable contrilutioa
to the ztudy of the extrinsic photoeffect ssa has the distinction of having dis-
covered the fundasental laws in this field.

Stoletov discavered the fundazsntal law of the extrinsic photoeffect namely,
that the photocurrent is directly proportional to the radiant flux falling ca the
He also established the unipolarity sad absence of inertia of the ex-

e of the ph

photocell.

reat on the applicd

trinsic photoeffect, as well as the dep=ad
- voltuge and tt; slactrode spacing. .
N He established that, at a givea pressure of the gas, the photocurreat has its
Nrulximn. This phenomenon of resonance of the photocurreat was denoted as *“Stoletovy
effect™.
The results of Stoletov’s numerous studies of the extyinsic photoeffect formed
the basis for all further research in this field.
In 1899 the electrcnic nature of the photoelectric current was desonstrated,
and in 1899-1500 it was established that the electrons ezcapisg from the iliuminated
surface of & me:al possess energica of a few electroa-volts, and that this energy de-

pends on the frequency of the incident radiant flux, rather than on its inteasity.

The great Soviet physicist, Acsdeaicias A.F.Ioffe, made valusble studies oa the

8
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nawure of the phaioelectri; unrr;lt-.- ' P.i.hkinli-y::d -S-.'S_.-i;ri-luhayu. “sho fiest

. developed the classical xethod of quantitative verification of the fundaxeatal eque-

" tions of the photoeffect, rendered great services in the atady of the extrinsic pho-
toeffect, as have I.Ye.Tasm, P.V.Tizcfeyew, N.S.hhletnikov, aad other Soviet

physicists.
Section 38. Structure of Solids

The photoelectrin processes caa be completely explained from the poiat of vies
of the quantus theory. For this reason we give Lelow the priaciples of the aaatan
theory of the ztructure of solids, necessiry for underxtznding the basic nature of
photoelectriz phecomena.

All solids are divided into three groups, according tc their photoelectric

. pioperties:
ietals, with high electrical conductivity;
Seciconduciors, with iower condactivities tham setals;
) Insulators (dielectrics) whose conductivity is close to zero.
All solids consist of atoss or molecules.
Ia a metal, the outer electrons of the atom, shich are fartbest frow the an-

- .clens, are weakly Lound ta the nr

- froe one stos to another.

212z vad are able to xove fresly withia the metal, *

These electrons are called free aad are responsible for
" the conductivity of thke metal.

- The electrons bound to the pucleus (clesec ro the encleus) caanot leave thka
. atom. These electrons have no influence on the conductivity of the -:nl,‘ sisce

they cannot be displaced, evea under tie acticz sf a powerful extercal electrie

" - fiela

I3

According ta the quantus theory, confirmed by experiment, the electreas of sa

atom caa exist only in a definite discrete set of stable states. The traasitioa
from one stable state to another cam take place only by a jusp. At the instaat of
" such a trassitioa, the atoms radiate or absorb energy of :nrictly Jetemminate fre-

queacy.
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“The electrons in the atow move at various distances frox the nucleus and porsess
various ~nergy levela (Leginning with the level of miniaum energy), various values of

the energy, and of the force of attraction to the aucleus. Each electron is in s

"state, and possesses an eaergy, not inherent to any other electzon of the particular

atom.
The energy levels form what are called sets of allowed energy levels, and only ﬁ

in them can electrons be found. The intermediate regiona batueen the zones, 1a which

e) E==
=

8

a)

Fig.43 - Schematic Diagras of Eanergy Levels of Electrons:

a) In merals; bh) In semiconductors; c) In xnsrlators;

d) Energy; e) Free allowed levcl; f) Lower allowed level;

&) Nucleus; h) Free zone; i) Forbidden z0ne; j) Lower

filled zone; k) Nucleus; 1) Upper free zone; w) Forbiddea

zone; n) lower filled zone; o) Nucleuws
there can be no electrons, according to the quantum {hmry, are called forbiddea
zones.’

The properties of solids are primarily determined by the energy levels of their

electrons. !

The ene.2gy levels of electrons (Fig.43) are usually presented graphically in
the form of a series of horizontal lines. The energy is plotted along the vertical,
As will be leen' from Fig.43 a, the lewer forbidden zonc of energy levela ia

(9
metals is filled with e\lcctmnl. Above this is a free zone of sllowed energy levels.

The free (external) electrons may pass from 1 low energy level to a higher one ia

the free zone, thus causing conductivity of metals,

. “"possible,

. N =Xy

The u;huut,ic disgran for IGIOOI;E\I:(O!—; (};ig—:lé b)— shows that the -l;;ruene;g;
levels are likewise filled with elect~ns, Lat, ia contrast to the situation ia a
weta), the free zone is separated from the lower region of forbiddea energy levels.
The width of the fortidden zone varies in different semiconductars, To make the
" transition from the lower filled zone to the upper free zone of sllowed levels, the
electron must cvercome a potential baxrier, determined by the width of the forkiddea
zwne. To overcome this burrier, additional erergy must Le imparted to 22 electroa.
The quantity of energy necessary for as electron to overcore the barrier and to pass
into the upper free zone, detstmines the degree of conductivity of & semiconductor.
In insulators (Fig.43 c), the lower filled zone 2ad the urper free zone cre

. scparated by so vide a forbidden zone that a transition of electrons is made ism-

even with a considerable additional energy. For thia reason, the conduc-

© tivity of insulators is practically equal to zero.

Thos the quantus theory successfully explaias the pheaomenor of conductivity ia
zolids. As already pointed out, the transition of elactrcns from one level to ac-
" other is sccompanied by rxdiation (or abzorption) of energy, i.e., by the phencmenca

~ of the photoelectric eifect, or luminescence.

" Section 39. Fundanental Laws of the Extrinsic Photoeffect

. ~Proportionality of the Fhotocurrent to the ‘alue of tha Incident Radiaat Flux

The first lav of the external photoeffect, discovered by A.G.Stoletov, es-
:ublilhu that a direct relation exists betwzea the number of photoelectroas N es-

" caping from the surface of a metal and the radiant flux W; incideat oa it:

(102)

The photocurreat iph arising ia the photocell between the cathode a=d the

anode, iz diiectly proportional to the incideat radiaat flux #:
iy * et (103)

The proportionality factor ¢ serves as a measure for the sensitivity of the

photocell surface aad is determined as the integral sensitivity of the photocell.

9l
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According to the quentun theory of light, a radiant flux consists of discrete - (105)

particles, or quanta, posscasing a definite energy. The energy of a quantum of ra-

diant flux, or photca, falling on the surface of a metal, is abaorted by one of the A measurement of the velocities of photoelectrona vaver differeat coaditioas

electrons on the energy level. 1f the electron has received rfficient energy frem allowed one of the fundzmental lass cf the pboioeffect to be cstablished: the veloci-

the photon, it is able to overcome the potential barrier st the Loundary of the metal ties of photoelectrons escaping {rom a metal do not depead on the iacident radizat

2nd escapes into the suvrounding wedium. The escaping photoelectrons have di fferent flax tut only o its {requeucy.
velocities, since, having been at different energy leveis and, conseqiently, at dif- The relation Letseen the velocity of the photoelectrons ¥ and the frequea.y of
" ferent distunces from the surface of the metal, thev traverss 2 di fferent thickness b the incident flux of radiant esergy ¥ was dctersined on the kasiz of the questua
‘of that metal and lose different quantities of energy when they strike a molecule. theory. Shen an atom absorks the energy of a photon hy (vhere b is the Plaack con-
Let U be the minicua positive energy at which, piior to iicadiation, ot a . ‘stnt). then the liberated photoelectron sust expeaa part of its eaergy to ovarcoms
single electron can leave the sacrface of the metal. If, under the action of the ra- o the potential barrier at the boundary of th~ metal, ia ozder to detach itself from
- Tdiant flux, aa electron with a churge of e leaves the peial and ixpinges on some sur- o that surface. This emergy is called the work function of tke photoelectror 3, and
face with zero potential (for exarple, on a grounded plate), then the work performed - is expressed im elactron-volts. Another part £ the energy, hovever, is cosvertad
by it will be equal to Ue. If at the moment of leavang the surface, the photo- o ste the Yizetic esergy of this photselectron %!f * le.
electron had the energy W, thea the residaal energy of the photoelectroa on the sur- _A_-_-g.-,,-d;;_i to the law of coascrvation of energy

[ - iace of zero potential will Le equal to .
T LA v,
¥ - Ue

At % = Ue, a photoclectron will arrive at the surface of zero poteatisl after

3.5t has expended all its initial encrgy of flight Ue, which is converted into kisetic Fee- Ua » k7 — o9,

2
Y-~ energy of motion, equal to MY Thus, in this caze, il the poteatial energy allow- |
- 2 i . . Equation (106) wey Le written ia the fors
ing an electron to escape from the metal, will be equal to its kinetic eaergy of wo- . |
|
tiom, i.e., - av?
Ay = 3 + e, (108)

(104)

Eguation (103) is the fundanestal equatica of the extrinsic photceffect and is

where e and m = charge and mass of the photoelectron, respectively; © " somecizes called the first quantum relatiea.
v = velocity of the photoelectroa. (ﬁA B 1f all the ererxy of the absorbed photoa iz expeaded ia overcoming the poteatial

Heacs, " berrier, aad the velocity of tiz cacapiag photcelectrons is cqual to zcr0, thea

. * Ay, (109)

93 -

Declassified in Part - Sanitized Co roved for Release 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6



Declassified in Part - Sanitized Copy Approved for Release

“where Vo is the limitiag Irequency.-t which the electrons will leave the surfuce of
" the mecal at zero velocity, 7
To the frequeacy v, corresponds the wavelength Ao» which is callea the long-
wave, or red, boundary of the photoeffect. The tewm *“red boundary® is explained Ly
" the fact that, at longer wavelengths (in thc direc-!.ion of the red portion of tie
specttum), no photoeluctronic emizsion takes place,

From eq.(109) we obtain

- where ¢ = speed of light;
B Ao = long-wave (red) boundary of photoeffect.
Hence
R (111)
It follows from eq.(111) that, at deecreasing work function, the long-wave
_ boundary shifts toward the red and infrared portions of the spectrum. At decreasing
wavelength, the energy of the photon h¥ increases, and, consequently, so does the
vield of photoelectrana {photoelectric emission), bt raly up to a certain limit,
;_ after which tiis emiasion drops off again. Thi: i: esplained Ly the fact that, at
increasing frequency ¥, the number of photons of the radiant flux wath an ciczgy ¥
;.:q:ul “ﬁ' decreaszs and, consequently, the photocurrent also decreases. To reduce
the work function, the absorption may be increased by depositing a monomolecular
- layer of atoms of an electropositive metal oa the surface of the principal metal. Ia
"~ this case, between the principal metal and the surface layer of adsorkted atoms 2a
_ intemediate layer is formed, usually in the form of an oxide of the principel metal.
N By varying the absorption, a differeat work function may be obtained so that the
" long-wave heundary may be modified. At seall values of the coefficieat of adsorp-
- tion, which are charact:ristic of a pure metal, there exists the zo-called normal

photoeffect, in which the sensitivity increases eaclusively with decreasing wave-

st e L

o
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” length. At iacreasing “co!‘fiir.i-u;;:lh-;l;;rpti-e: “the sclective pb«;u:w.ﬂec; tokes
i place: the pbotocurrent has a zaxieom ia the spectral Lead of nk::mtinn: of light by
the adsorbed atoms of the electropositive metal.

The valae and position of the selcctive maxizus depe::df; on the thickness of the
interzediate layer and of the layer of electropositive metal, as sell as on the
valence of the wetal.

The wavelength of the selective naxinum zsy be deternined tv the espirical

forzula

where r = sadins of electron, n = zass of elzctroa.

The calculation resmlts ottained frox =q.(112) differ little from tke experi-

wzeatal data.

The

ien t e

The nuoter of zlectrons per unit of absorbed radisat emergy iacrenses Ly the law
" of the quantua equivalent (the second quantum relation), accordisg to which o~ae ab-
T sorbed photon of radiant energy must lilterate one photcelectron.

- Assume that, ia lilerating N pbotvelectrocs, forming a photocurreat, the ra-

..~ diant energy %, with a frequency of v, incident oa the surface of the photoelectric’

"" cathode, is absorbed.

!
Thea the numker of phctoelectrons leaving the catbode on absorptiom of this ea-
© ergy w11l Le ecasl te

vhere A = Plaack’s coastaat.

If cack of the N absorbed photona liberates one photcelectroa, thea

i
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Section 4. Long-Bave Bcund‘lry and Bork Fancti

e - If the wavelength of a luminons flux incident on the surface of a pbotoelectrie
It foll £ eq.{114) that the number of photoelectzons lilerated cannot be cathode 1a beyond the limite of the long-vave (red) boundary, thza the erergy of the
t follows fros eq.

_ v “light quanta becomes insufficient to encble the photoelectrons to leave the surface
grester than-h—' . -

.. . & of the xetal., This value of the energy determines the threshold of the photoef fect.
- Table 27

The work function for variouz metals is differeat.

Je depends on the position
Energy of Photons (Cuanta) and Quantum Equivalent

Commvas Eivalent of the netal ia the periodic system of the eleseats. The electron theory of cetals
Energy of Photons antua

‘persits am approximate determination of the ! veraizg the work functioa w_ ia
Wavelength, eren Nuber of ma/watt P 24 sate inatio c las gove ' o
electrons/erg

pure wetals on the basis of the quantative relation tetweea the atomic weight #, the
3.31> 30712 X 3.02 x 191! 44
2.65 x 30712 . 3.76 < 301! s o=
1.99 x 10712 . 5.04 x 3011 807 . 1
1.32x 10712 X 7.5 = 101! 1210 ~ V-2t ,,
0.99 x 10°12 . 10.08 x 101t 1614 > . -

atomic nuaber of the element Z, and the densi.y of the ssbataace D:

1f only a part n of the absorbed photons liberate photoelectrons, theg : wheze C * factor of praperticazlity.

! Table 28 gives the long-wave Loundaries and values of the work functios of the
-7 : {115)
None ' O electrons for the most importaat pure metals.
The photocurrent per unit emergy absorbed is determined by the relatioa -

The alkali and alkaline earth metals, particularly cesium, have the smallest

" work functions while combinations of cesium vith cesiua oxide hase the smallest work
in

x A ' .
Wi Mhe (116) "'~ function of all, acoumtisg to abomt 1.G-0.7 v. This is the reassa why a cesivs sur-

B " -face is selected as the surface layer of photocathodes seasitive to both visible aad
— where d = electrode spaciay of the photocell; -

. “e—invrazed rays. Photocathodes of this type sre used ia so-called cesium photacells.
x = distauce traveled by the photoelectroas. | . :
Table 27 =zives the values of the energy of photons (quanta) and of the yuantum Section 4i._The Contact Poreatial Di ffereace
- aquivalent, ior a few wavelengths.

If tvo grounded surfaces haviag a di ffereat work functiom are placed iz a vacu-

The law of tie quantum equivaleat, ia the geaersl fors, characterizes the is- um and & radiant flux is directed onto

thea. then the photoelectrons emitted by the
. tensity of the photoeffect.

" surface with the smaller work function will be coacentrated oa the surface with the

l .
On the basia of the law of the gusntum equivaleat, the quantum yield may be (—)

" higher work functios.

= calculated if the spectral sensitivity of the photocell ia absolute units is knowa. Aa a result, the latter surface will be negatively charged with respect te the

foswer, and an electric field will form ia the photocell betweea tha aaode aad

97
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cathode, possessing different work fanctions. The pot—re’: flerence, formi

this case on the surfaces, iz ;:alled the contact poteatial dif{ference and is equa

Teble 28 °

Long-%ave Boundaries and Work Functions of Electrons of Pure Metsla

Metal A L)

" .

Metal A, 9
L volts volts

Lithium 510-540 2.42-2.28 3.08-3.34
Sodium 583-600 2.11-2.05 4.85

Potassium 612-710 2.01-1.74 4.31-3.52
Rubidiue 810 152 4.14-3.48
Cesium 630-900 1.96-1.87 .78

Copper 266-303 4.63-4.07 X) 4.15-4.92
Silver 258-268 4.78-4.61 5.23

Gold 252-260 4.9 -4.74 4.02

Bervllivm 1430 3.17-3.3 4.44-3.74
Magnesiua 330-4%0 3.74-2.74 i 3.74

Calciom 385-510 3.2 -2.42 4.33-3.15
Strontium 550 2.24 2 5.26-4.52
Barics 540-650 2.28-1.9 2 4.62-5.61
302-346 4.08-3.57
305-330 4.05-3.75
260-273 4.75-4.52
298-439 4.14-2.81 20-315
291-300 4.2 -4.12 kel 246-336
335-360 3.68-3.43 Rodius 251

)¢ 3.95 Pallediom | 249-200
322-3% 3.54-3.73 Platinm 185-220

w the difference between the vork functions tskea with reverse siga:
Uyog =~ (6 —0) (118)

The maximum potential eantering into eq.(107) is equal to the negative anode
potential only where the work functions of the anode and cathode are equal. 1f,
_ however, they are not equal, thea the guaatity zUP_‘ is added.

The measured maximum potential is thes

hy hy
- - + - LR
el T/ Wl aiall

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6
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- This equatioa shows t’b-; ‘the ;uu;ul.y U; depe;li:- the {’ng’aenq‘v’ and the
work function of the anode 9,, Lut does not depend on the work functica of the .

cathode ¢ . .

Section 42. The Jocal Photoelectric Faission

)

-~
DYs

If o radiant flux exitted Ly a lody at a texperature T strikes thic sarface of a

photocathode, the total phatcelectric emission can be detemined from the equations

hy,

iy " ;\"T‘Q xT

id

ty
i AT
in” A'.T‘c

constant of photoelectroaic emission;
Boltzsan constant, equal to 1,372 % 10716 org.deg;
= an exponeat {about 2);
= the charge of the electrons;
e = the Lase of natural logarithus, equal ta 2.718232.

LCenoting 5:’—“ - -;1 Ly the letter b, we obtaia tbe forwmla

-2
iy T ATl T (122)

From this forweia, the work fuaction of photcelectronic emission caa te de-

_ tervined if the value of the emission curreat has bees measured.

Section 43. The Fxtrinsic Photgeffect inComploxPhotocathodes .

- A retal plate or layer of pure zetal on a glass base, with the surface of the

. , mets] oxidized and u layer of adsorted atoms of aa electrically positive metal oa

. that surface, is called aconplziphotocathode.

" In their slectricsl properties, coated photocatbodes beléng‘ inr tha g’n’a“xp of
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semiconductors, since they have a negative texperature coefficieat of resistance

(i.e., their resistance decreaszs with increasing temperature).

The electrons of the lower filled zone (ci.Fig.43,L) play the principal role ia

the formation of photoelectrons {photoclectronic emission). This follows from the

fact that photoclectzons are formrd when an electron atsorks the energy of a photon
of a radiant flux, and therefore tle maximus cflect shouid be given Ly a zone where
the greatest number of electrons is concentrated, i.e., the lower electron-fiiled
zone.

In addition, the atoms of an alkali metal adsorbed on the surface of the photo-~

““cathode participate in' the formation of the photrelectronic emission.

In emissive photocells designed for operating in the infrared region of the

spectrum, cozted oiygen-cesium photocathodes are used, which consist mainly of three
_ components: a m2tal base (substratun) of silver, am intercediate layer of cesiom
.~ oxide, and = thin layer of atozs of the alkali metal cesium.

- Such photocathades, with the chemical forzula fAz] -~ 8, C3 or, with a

- interwediate layer, IAg] - C3,0 — Cs, have a long-wave boundary between 0.8 and 1.1u

" and a waximum sensitivity around 0.62 i, i.e., they poxsess seasitivity to the short-

“"wave portion of the infrared spectrum.
At present, more sensitive oxygen-cesium cathodes are being boilt, ia shich the

" - intermediate layer consists of cesium oxade (C2,0) with atoms of cesium and silver
T disseminated ia it. The structure cf such photocathodes may be represented by the
.- formulas [Ag] ~ Cx,0, Cs - Ca and [Ag] - Ca)0, Cs, Ag ~ Ca.

Table 29 gives the values of the long-wave boundary A, and the spectral maxi-

, \
“wum A, for different oxygea-cesiua photocathodes.

The possibility of constructing photocathodes from 2lloys zuat be pointed cat.

It has been found that pliotocathodes of higa photoelectric seasitivity can be made

!
from alloys of cesium with a metal of very low

) conductivity (for instaace, Sb, Bi,
Pb, T1). Such photocathodes

have a peculiar property: The metal of the base has no

influence on their apectral sensitivity and modifies oal

o i

y the integrzl seasilivity,

STi te e i h L ekl e W W W AT SRRt AT D T

sy

| Se——

O' ~ pharocathode, at a definite radiator temperature. h; i

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6

[ - . [
Section 44. Types of Emiasive Photocells -

Depeinding oo the filliag of the tube 'and the design of the electrades; emissive
photocells can be divided into several greups. According to the {illing of the tzte,

Table 29

Long-Wave Poundary amd Spectral Nazimas of Coated
Oxygen-Cesium Paotocathodes

Cathode Nax

u

g -0, s

] - Cay0~Cs
Mgl - €240, Ca—Cs
lAg] — €3,0, Ca, A ~Cs

0.8
6.9-1.1
L1-12
1.2~-13

0.3

0.62
0.7-0.3
¢.75 - 0.25

_ they say be divided’ into two groups: vacuum and gas-filled. In the tube of photo-
" ceiis of the forser group, a high yacuum of i0°% mm Yg is crested. The tubes of
photacells cf the secand group are filled with aa inert gas.

- 1a the design and arr s of the el d

toth groups are divided into

vaot.ocellz with a ceacral anode, with a central cathode, with parcllel or vith sym-
. .ﬁnenic electrodes. .

Of all ewissive pliotacells, czly thuse with coated oxygen-cesiua photacathode

’ : are indicators of infrared rays. %e will. thecefore, cozsider anli these cells ia
fithe followiug. |
ks i
\

= Section 45. Principal Characteristics of Evissive Photocells

1
Eaissive photoceils have the following priacipal characteristics:

. Integral seasitivity, represesting the ratio of the phkotoelectric curreat ia

- the circuit of the photocell to the power of the radiant energy incideat os the

For the visible part of
microamperes
Tuseas

- Intceral seasitivity is expressed in S (amp/u).

sepe
.y vatls

7 the spectrum, integral reazitivity is usuelly expressed in (1 anp/lu).

STAT |
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Spectral lenniti;it.y... delenm—ug t-hevd;pec;denc: c—f ;:t.;g;-l unn;;.nu:.—e;-—
‘prened in absolute or relative units, on the warelength (frequency) of the incident
radiation, The graph of spectral sensitivity is called the spectral characteristic
of the photocathode.

’ Luminous characteristic, showing the dependence of the phctocurrent on the iz~
Icidenb rudiant (luminous) flux at constant applied voltage.

Volt-ampere characteristic, showing the dependence of the photocurrent oa the
applied voltage. v

Dynamic (or frequency) charucteristic, deterwining the dependence of the vari-
ation in photocurrent or in sensitivity on the modulation ‘requency of the incident
radiant flux. »

Sluggishness or inertia, characterizing the tize after vhich the photocurreat
reaches ita maxiwus value, weasured from the Leginning of irradiation of the photo-

-~ cathode surface by a constant radiant flux. )
Threshold sensitivity, or energetic threshold, determining. the minisum value of

the power radiated in watts, which can be registered by the photocell.

““Section 46. The Integral Sensitivity of Photocells

The integral sensitivity is due to the distribution of ea~rgy in the spectrum

of the radiation source, since a radiant flux from sources st different terperaturcs

s produces a photocurrest of different value.

- Qu=ntitatively, the integral seasitivity is expresszd 23 the asea bounded by

“the curve obtsined on multiplying the values of the spectral sensitivity of = photo-
" cell by the value of che energy for the apectrum of the radiation source.
Ia this way, to determine the integral seasitivity of a photocell vhea ir-
" radiated by a source of non-monochromatic radiation, it is necessary to comstruct
__the spectral sensitivity curve of the photocell expressed in absolute uaits, and the
curve of eneray diarribution of the radiatios source at a definite temperatare, like-
" wise in absolute units.

In its general form, a photocurreat is defined by the expressioa -

T T TTURATY TS ST FEIEN IR SR PP Y A 4T

i " nJ SO (1)
.

is the proportionality facter characterizing the electric pmperti;s‘of
the photocell; (Nc * qunber of electrons exitted Ly cathode; N, = nusber
of electrons rzachiug the anode);
8), is the spectrsl sensitivity im amp/watt;
£(2,T) is the spectral energy distribution of the givea radiator.
Since the quantities S) and n are strictly constaat for a givea photocell, they
say be coobined into a single parazeter 0), which is called the spectral efficieacy

. of a photecell:
-
iy *J i, TAA (124) -
.
If the velue of the photocurrent is related to the uait of iscideat esergy, tke

J et &\

; S KL T)A
.

I3 1
':'bere i 670 is the Juxinous squivalent of the radiast flux;

Ky is the spectral visibility facter;
The nomeraior im €5.(125) is usually expressed ia uuits of cerreat, for ia-
stance im microamperts (1 sp) or in saperes (amp), while the desominator is ex-
preased in units of radisat 1lux, usually is wats (w).

Since it is difficult to determine the value of 0y, tha sispler forzula

| S | 1
LN LI
B o (s
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is usually used fov calculating the intex sl sensitivity.
B Where Iph = maxismum photocurrent; for a vacuwa photecell, the satcration current;
» jncident radiant flux in watts;
= illumination in w/cm?; |
* illuminated arza of photocells in -i;
r * distance from radistion s::ur;:e to phctocell in m;
1, - luminous intensity of source in w/ster.
The values of the integral sensitivity of a few photocells produced in USSK are
given in Table 3. The letters TsV denote oxygen-cesium vacuum photocells; the

letters TaG, gas-filled photocells.

Table 30

Integral Sensitivity of a Few Photocells

Type Integral Sensitivity, Useful Llide,
B wg/ln Hours

TaV-1 20 200
TsV-2 20 200
TsG-1 15 700
TalG-2 10 700
TaG-3 150 700
TaG-4 150 700

The data of Table 30 show that the integral sensitivity of vacuum photacells is
considerably less thai that of gas-fiiled photocells.
The integral sensitivity of gas-filled cells is increazed by filling the tube
" with an inert gas, which lcads to an increase of the phntomnen"t., due to aa ioni-

" zation of the gas by the photoelectrons moving from the photocethode to the anode.

I'”__ Section 47. Spectral Characteriscic of Photoceiln

i
The apectral characteristic is very importmat for proper selection of a photo-

— cell and a radiator. The maxizur efficiency of a system photocell-radiator is ob-

tained whea the spectral sensitivity of the photocell corresponds to the spectral

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800180001-6

- enerpy distrilution of the radiator, .
The determination of the spectral seasitivity in absolute units involves great
" difficulty, since up to now there is no satisfactory uathcamiical forzula for cal-

. culating it. The spectral characteristic is therefore usually constructed in rela<

(} " tive units. In this case, the greatest of the maxioa is conventionally taken as
_ 100%.

A cesium photocell hes its maxioua spectral scaszitivity at 0.78 u, while the

J

% o w o, @ ] 7

Fig. 44 - Spectral Sensit.ivil"y.of a Cesiun Photocell with Coated Cathode
a) Wavelergth,i:, b) Photocurreat in relative units

red boundary of ita spectral characteristic in the infrared rezion 1un3 up to 1.2 u.
t Figure 44 gives the spectral sensitivity curve of a cesinm photocell with
J'__ coated cathode. As will be secn from the diagram, .the spectral characteriatic of a
coated cesium photocathode has xe’venl raxima, which is explainsd by the complex
chenical structure of the photocathode. The uniformity of the coating layer and the
* thickness of the intermediate layer sre very important for the characteristic. Whea
the thickness of the interzediate layer iacreases, the steepness of the maximom
’ _ rises, but this leads to the phenomenon of photocathode *“fatigue®, which will be
__ considered below.
A The cesiua photocell, as will be seea from the diagram, is rather scasitive to
radistions of wavelengths up to ubout 0.9 u, but its seasitivity drops sharply as.

the wavelength increases furthar.
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" Section 4. Gaz Amplification
As pointed out above, the increase in integral sensitivity, or photocurrent, of
a gas-filled photocell is accomplished Ly the ionizatica of a smzll amount of inert
_ras introduced into the tube. The process of gas seplification in general outline,
is as follows: '
Bhen a radiant flux is incideat on the surface of a sas-filled photocell, then

the liberated photoelectrons, on their path from the cathede to the anode, collide

{\

i

\
\

N

I~

S—

8 L] &

. 2 .EJ 3 ) ¥ i

Fig.45 - Relation of Photocurrent to Gas Prassure

a) Pressure, ra Hg; b) Photucurreat, u amp

it becomes

with neutral gas wolecules. When an electron collides with a molecule,

jonized, i.e., a positive ioa zad an electron are forned. As a result, two elec-
trons will move toward the anode, while the positive ion will move toward the

_ cathode. Successive collisions of electrons with the molecoles of the gas lead te

" an avalanche of electrozs, i.e., to aa increaze in total photocarreat. The photo-

current is also increased owing to bosbards of the ph hode surface by posi-

tive icas. This might increase the photocurreat by a factor of 5 to 7, Further in-
" erease leads to a rapid disintegraiioa of the cathode. - I
The ratio of the curreat intensity Iph (produced by the icnization) to the
streugth of- the primary photocurreat I, is called the amplificatios fuctor:

I
i

8= (127)

e e eeal W WS WESSEYSCE BT L

The gas axplification factor d;ye-.:.dl on lh;-de;ig;"of_—d;e.;h’:ioeel“l‘,‘;;‘(i:‘w
'of gas, und ita pressure.

The gas charging the photocell must not interact with the photosensitive layer
__of the photocell nor with the glass of the tube. The ionization potential ‘of the
gas cust te low, so as to facilitate ionization. The inert gases meet these re-
cuirements.
Photoczlls are wost often filled with argon, which is the cheapest gas and

easily obtainable,

2
s

The pressure of the gas ia the pbo-

o~

tocell is about 0.2 ms Hg. VWhen the gas

pressure is decr.ased, the collisioa

/é probability between electzcns and mole-
e

cules diminishes, since the distances be-

:

97 9 g7 CY av 65 42 67 63 83 43
a)

tatea thea increase.
¥%ith increasing pressare, oa the
Fig.46 - Lowinous Characteristics of
‘acunm Oxygen-Cesium Photocell at
Various Voltages
a) Loxinous flux, le; b) Phovo-
.. curreat, u asp: c) U = 200 volts

other haad, the electrons say collide
with zolecules without imparting sef-

ficient eaergy for ioaizatios.
2 Figure 45 gives the curve of rela-

tion betweea photocurrent and gas pressure. At a pressure of 0.2 sm Eg, the so-

o called “Stoletov naximua® i3 obtaiaed. Its positica is letermimed by the leagth of

—thg =ssa free patk of the electron betweea tso collisions, asd depeads va the desiga

" of the photocell.

Gas 2eplificatica 2)so s its unfavorsble properties: the iinearity of the

_‘ luminous characieristics is destroyed and sluggishaess of the photocurrest results.

Loninous Characteristics of Photocells

Aoainous A aaracter s 1cs 08

- 7 Section 49.

ﬂ - Laonicous Charzcteristics of Yacuw Photocells

Equesion (103) expresses the proportioaality of photocurreat to the lumincus

flux imcidear oa the svrface, or illumination. This limear relatios is valid oaly

STAT
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for relatively small luminous fluxes.

Figure 46 gives the luminous characteriatics of & vacuum ow!gen-cesium photocell

at various voltages. The curve shows that, at an insignificant luminous flux, the

linear relation i = f(F) holds strictly,

regardless of ths voltage.

184
"B ':"E"‘"W‘“ —~_~

9 "éa)
Fig. 47 - Distribution of Sensitivity
of an Oxygen-Cesium Cathode along
its Surface
s) Distance along surface, wa;

b) Sensitivity

With increasing luminous flux the

" linear relation is disturbed due to the

formation of charge= on the walls of the
tube and the forration of a space charge,
as well as due to the influence of
. “{atigue”.

It must be Lorne in mind that a photocathode is not uniformly sensitive at vari-
" ous points of its surface.

Figure 4 shows the curve of variation in sensitivity for various points of aa

- __oxygen-cesium cathede, obtained by N.S.Khlebaikov and N.S.Zaytsev. The curve shows

- irregular distribution of sensitivity alonz the surface of the photocell.

Luminous Characteristics of Gas-Filled Photocells

~

In gas-filled photocells, the relation of photocurreat and lumizous flux is

" likewise sonlinear.

The luminous characteristics of a gas-filied photocell, taken at various

voltages (Fig.48), show that, at is-reasing applizd voltage, the nonlinearity of the

 characteristica increases. This has to do with the increased ionization and the ap-

. _proach to a state of independent gaseous discharge with increasing voltage.

£HE

Av spall luminous fluxes (up to 0.1 1»), the lincar dependence i = £{E) Lolds

, rather strictly for gas-filled photocells.

" . S:ction,50. Volt-Aspere (haracteristics of Photocells
T W
 Yolt-Aspere Characteristics of Vacuum Photocells

1ix of any design the volt-aapere characteristic reaches

e eair i oy o i St b 70 S

[N . P - -
saturation at some definite snode voltage. Figure

teristics of an oxygea-ce sacuum photocell at various lusinous fluxes. The

R

Fig.48 - luminous Cheracteristics of a Gas-Filled Photocell at
Cifferent Yoltages

a) Luminous ﬂux; lugea; b) Photacurrent, # asp; c) U = 90 volts

_ curves show that the saturation curreat is reached at a plate voltage from 50 o

100 volts.

Ia pbotocells witk a ceatral cathode. saturatioa sets in at 3 low voltage,

since sll elect.ons rapidly reach the surface of the anode, which surrounds the

tod b,

P

Tew Ia 115 with a ceatral anode, sat-

uration is reached at a higher voltage (50-10% v),

since the electrons leave the surface of the

cathode in all directions and therefore the elec-

tric field wast be 1=latively powerful to direct

the electrons toward the amode.

R . Rith increzsing lusinous flux, the saturatiom
Fiz.49 - Volt-Aspere Character-
istica of an Oxygen~Cesium
Vacuum Photocel) at Various
Lusinous Fluxes
a) Voltsge, volts; b) Photo-
curreat, i amp

curreat, 222 the corresponding plate voltage c.

™

r to it, i

YVolt-Aspere Characteristics of Gas-Filled Fuoto-
cells

Ia contrast to the volt-ampere charscteristics of vacuom photocells, the wolt-

->p¢re characteristics of gas-filled photocells do not reack saturation (Fig.50).

102
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stica and Sluﬁ;—ahnau of Photovells

"The p)-otocur;ent. increue; ;i;h. .i'n;cr‘;u‘-;;-l-n—nd'e v;l‘t_:g'e.—Tt’—n“volt.u;e-lbo-v;-ho :. ) Section S1. Frequency ()ln;:'t»"ri

s transition of the nonindependent gaa dixcharge to an indépendent takes place, The ™ .
128 e frequency charactzristic permita judging the suitability of a photocell for

w \ operation with a modulated flux.

P e~ ] Vacuum phetceells arc inertialess in the range from audio frequeacies to fre-

quencies of the order of 2 x 103 cps. The region of frequencies st which sluggish-

62 .
8 ness beginz to appear dependn on the velocities of the elecirons in the inter-

L7 S .,
e e e e M
. P} \-&%“
= SN
20 3 9 ’w & o o W s &
N
a) a) . R "'{0_‘5. y \

~wiZie

~%08

Fig.50 - \alt-hpue Characteristic Fig.51 - Relation of Ignition Potentisl and
of a Gas-Filled Photocell I1luminatioa
a) Voltage, v; b) Photocurrent, a) Illumination, lux; b) Ignition potential

U amp L;. volts 20

. " latter is characterized by luminescence of the gas in the photocell, with the value ; . Rl ow x50 g Wl SR

of the current not depending on the luminous flux and being datermiaad only by z . Fig.$3 - Frequency Characteristic of xa Oxygciu-Cesium Photo-

359 value cf the external resistance in the cir- ’ cell Filled with Argon at Various Voltages
b : a) Fiequency v, cpa; b) Photocurrent, %; ¢} U = 6C volts
cuit, The voltage at which the noninde-

pendent discharge ch to an ind d 4 —_’lec“"'dﬁ space, Since there in nn gas in a vacuux photocell, the electrons travel

- to the anode without colliding with molecules. Their velocity is very high, and the

is celled the ignition poteatial of iade-

transit time is about 10°% sec. Until the frequency of wmodulation of the incidest

pendent discharge. The ignition potential
N ¢

Tlight b
decreases with increasing illumination (Fig- 1.4 ecomes comparable with the velocities of the electrons, a vacuus photocell

"“zey Le considered free of alugguhnnl-

ure 51) and wiih the gas pressure (Fig-ZI2).

Gas-filled jonizati i
In the region of the ignition potential photocells, at working voltages below the jonization potential, are

- also inertialesa, Only when the voltage becomes higher than the iorization potea-

of the independent discharge, the operatioa

" tial does the hy ' sluzgishac PO ies
[ of the photocell is unstable, its sluggish- Phenomenon of sluggishacas occur, due to the formation of positive

_ions,

43 A% GF GOy 42 48 (6 18 ness increases, and its ‘' fatigue® grows.

Fig.52 - Helation of Ignition Potential The sluggishhess of a photocell can be detemined by the fact that an inataa-

The working point on the volt-ampere charac-

to Gas Prcasure L 3 ) " teneous or intemmittent irradiation of the photocell by a radiant flux of certaia
a) Pressure, mn Hg; b) Ignition po- teristic must therefore be selected around

B ) . f"q\lenc"l. vill not result in an \ntnnuneoul rize of the phitocurrent to its
tential U;, velts 240-250 v; at this voltage, the photocell

normai value; alae, whea the cell ia d-rkened the photocurreat dozs not drop ime
will operate xubly.

atantly but oaly afrer a certain iaterval of time.
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: # certain time, In additicn, when a photocell is irradiated, not only ions but also

" 5 metastoble atoms, which persist for a period of

} about 1073 sec, are formed. These atoms are able

2 —1 to ionize the admixtures of foreign gas, always

|

present in the tube, whose ionization potential ie

[ J
W e \E0 &0
hd -

usnally lower than the ionization potential of the

54

120 pzincipal gas. This additional ionization also

affects the tire of the current droy.
Fig.54 - Relation of Sluggishness
of Gas-Filled Photocells to the
.. Applied Voltage and Type of Gas:
—. 1= Filled with neon; 2- Filled
2 with helium; 3- Filled with argon for various values of the applied voltage. Az in-

Figure 53 shows the frequency characteristics

of an oxygen-cesium photoceil tilled with argon,

a) Applied voltage, volts;
b) Sluggishness d, %
- leads to a sharper downtrend of the curve, which

: dicated by the diagram, an increase in voltage
i —_

is explained by the increase in ionizaticn, i.e., by the incresse in the number of
_ __positive ions. 4

The sluggishness is defined as the ratic of the amplitude difference of the AC

..~ voltages A,; and Ay, at the output of the photocell (or amplifier) whea the fre-

~~'quency varies wiithin the limits from ¥, to ¥, to the amplitude of the voltage Ay

1~ My
d® — 100X
A1

\':when ¥y = frequency at which the photocell is inertialesas;

¥, * frequency for which the slupgishnesa of the photocell is being determinmed.

- The value of d depends on the voltage applied to the phoiocell, and on the kiad

4i—of gas filling the tube.

s .

Figure 54 gives curves showing this relation. The values of & are plotted ia

> - percent an the ordinate, und the applied voltage on the abscissa, Curves 1, 2, and

3‘~.3~ are-constructed for photocells filled respectively with neon, helivm, and argoa..

 For. argen the value of d ia greatest and is, therefore, most oftea used for filling

HEYTR g e
T

2
%
y

¥

o R
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“photocells.

" Section 52. Photoelectric “Fatigue” of Photocells™ =~~~

The reduction in =szsitivity of a photocell (decrcase ia photocusreat) on pro-
—qlanged irradiation of the photocathode, is called * fatigue® of a photocell.

Fatigus is due to the fact that the number of adzcrbed atoms formed on the sur--
face of the photocathode, and consequantly also the value of the photocurreat, de-

crease on prolonged irradiation. The same ph is produced by Locbard

t of
. t‘he photocathode by the ions of the gas filling the photocell tube,

= Yacuum photocells are also subject wo {atigus produced Ly the liberation of gas

__ty the iaside walls, the preseace of residuni gases, and the infiltration of gas

-~ through the leads.

.. their sensitivity is also low.

L1

1

%

Fhotocells with solid cathodes of pure metal have relatizely low fatigue, but

Photaczlla with coated cathodes are highly suscep-
e
-1 1

Z
N,

1 Bl

&

N

|

&

¢
7 a
P . I s e e s

" Fig.5§ - “Fatizue” of an Oxygen-Cesium
Photocell at Varicus Luminous Flmxes
a) Time, hours; b) Seasitivity, %

Fig.56 - Spectral Seasitivity of aa
Oxygea-Cesium Phutocell:

1- Before fatigus; 2- After fatigue;

a) Raveleagth, 1; b) Sensitivity, ¥

“tible to fatigue.

Figure 55 gives curves showisg the decrease ia sensitivity of a vacuum oxygea-

"‘:.:.cuiu photocell (fatigue) at variows luminous fluxes. The greatest fatigue of

-, conted photocathodes is cansed by- short-wave rays, particularly ultraviolet rays,.

and the least, by iafrared rays.._
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Ta tiﬂlt,- tl;;;-;;cctral-l.c;-iti-vity of ph‘otoce“l changes. For exsaple, & com- 1 determined by the forsuls
- parison of the spectral characteristic of sn oxygen-cesium photocell (Fix,56) before ) .- . N
"" the onset of fatigue (Curve 1) with its same charac- ip * 2e1Af

isti igu hat a ticu- i i
teristic after fatigue (Curve 2) shows tha particw = saturation current, ia zmp;

larly sharp drop in sensitivity takes place 0. trass- . + wadth of wplification frequency band ia cycles;

ition to the infrered region. This i3 confirmed by
* charge of an electron.

the curves in Fig.57, which show that, after fatigue,
folless from this forrula that the noise curreat at saturation curreat is

the sensitivity to inirared rays decreazes con-
_ the sare for equal frequency intervals, provided that the fluctustion period is small

siderably faster than the sensitivity to visible rays. e n
** by comparison with the transit tizs of the electroaa.

Section 53. Sensitivity Threshold c O_f:____._.ph“'“uu‘ - A second source of noise is the so-called flicker erved mostly ia
For exch photocell there exista an upper limit ?". coated cathodes and at high value of the photocarreat.

Fig.57 - Influence of Fatigue P R .
on Spectral Sensitivity of illusination. If the illumination exceeds this e Thie effect is produced by floctuations in the photacurrent due to increased

T a) Time, hours; b) Seasiti- limit, then the photocell operates unstably and its
~ vity, % c) Visible rays;
d) Infrared rays

. _ electror density. In vacuum pbotccells, with their low photocurreats, the flicker

life is considerably shorteaed. o, effect iz weak.

- A thitd scurce of noise is the external load in the photocell cirmit. As a
i ~result of the chaotic thermal wotion of the electrons at the ends cf the resistor,
-
— noise level in the photocell-power supply circuit. . -an alternating electromotive force (eaf) arises.
- . The voluage 0i this vhicimal wizs or therwal agatation is detersined by the

- ®e know from stecistical phys=ics that, even in the stationary state, a nomber

i of par such #3 temp ure, elestric curreat, voltage and certsin others, are

‘not atrictly constant, but continuously fluctuate about their mean values. Such i :% . (ZTRAT

~fluctuations of the properties with respect to their mean values ( fluctuations) pro-

“duce random voltages ( “hum®) in the citc;it of a photocell, restriciing the lower ’ _and the current of the thermal noise bty the forwuls

imit of illumination. [he minimum illumination wust be such that the resultaat
. Af

i} = 4KT —

if - oaxT

-~ output voltage will exceed the noise level by not less thaa 1.5 to 2 times.

The electrical circurt of photocell-external load contains certain noise sourcea.
where K = Boltzasnn constaat;

Part of the electrons move toward the anode at random, rather thas ia a lisear
T = absolute teuperature;

anoer. This accelerates the variation xa their number in unit time, ciusing fluc- Af * width of frequency band of the ssplifier;

uations in the anode current, which are also called noise. The phenomenca of fluc- R = load resistaace.

tustions in curreat, Lnown as akot effect, is one of the noise sources. la zones —— -The threshold of seasitivity is determined Ly the leak curreat and the dark

" of saturation current, the noise current i, of a photocell due to the shot effect, = curreat.. The lesk current ia emissive photocells azounts to 10°1% awp, aad the dark

1s.

o Mmemisraa g s o s B 2 ) " TETIHAL Y P
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“current w‘ubout.'lo'uuupm u(‘onl;quet;tl;,", tha sensitivi [ _lﬂ};;ho').d“iuldp;-cl_ica.iluy
determined by the leak current (if it is not cowpensated).
Figure 58 shows the characteriatic curve of the relation between the amplitude

of the noise voltage and tne applied voltage for & gas-filled photocell.. . -
"-h:re e = E-ipb-
To evaluate the noise level, the voltage ob-

For a vacuum photocell operating under saturation conditioas, e have
rained at the smplifier cutput, or the so-called

diatortion voltage, is used. Thia should be several . du

[ T;" Re
times lower than the output voltage of the uaeful =

signal.

Section 55. Current Sensitivity

3 Ve Irivi -7 P s . .
0 0 & & ¢ Section 54. _Yf-‘_lukc Sensitivity Curyent seasitivity 1s the xagnitude of the photecurreat produced on irradia-
a) \

. The potential difference U, generated across

Fig. 58 - Melation between the

Amplitude of Noise Voltage the external resistor connected in series with the

and the Applied Voltage for

a Gas-Filled Photocell

a) Appiied voltage, ¥; diant flux is called the voltage sensitivity ®.

b) Axplitude of noize
voltage, v

photocell on irradiating the photocell Ly unit ra-

DA

L) -
Thus ¢ = Fr S - renchug the anode (N,) to the puxter of electrons leavinz the cathode (N).

¢ The sensitivity of a photocell to Toltsge de- @ photocurrent 1s greatest when the values of N, and N, are ecual; ozazeqnendy,

| pends on its integral sensirivity e and on the value of the externai load re- - curreat s3io ++ peaches its saxizua value under the conditioc that all the ==-
" sistaace H. The maximus voltage seasitivity is obtained whea the external resistance . ezgy ol the radiant flux is absorted by the photocell aad that all the photo-

ewnl: the internal resistance of the jrradiated photocell. 1 - T electrons leave the surface of the cathode.

laead Y adens tales

The voltu drop across the load resistance R is al t
oltess P neros * st o ° Section 35. Deaira of Exissive Protocells

N v= x,‘ll T e3R j Photocells with a ceatral cathode are used rarely, 2ad only shea a saturation

since. according to eq.(103), the photocurrest ipy, = ed " cerrent «ast be obtained at low voltage.

The desiga of a photocell with central cathede is schenatically showa ia Fig-

By differentioating eq.(132) with respect to &, we find the following formcla

ure 59. The anode A coasists of a emall grid coveriag the inner glass wzll of the
for the voltage scasitivity

e MrdS e

tube. The ancde mast be transpareat ard acst pass the saxisom possible asoust of

radisat eacrgy to the cathode. The catbode K has various shapes, most oftea that

du de
T R(e *+ & T")

oI a metal plate or sphere, coated with a photoseasitive leyer.

.
‘le‘llll

_ For a gas-filled pbotocell . ~.-A photocell with ceatral asode has a cyliadrical or spherical tabe (Fig.60).

—,Aphowamzszvc layer spplied to the ianer surface of the tube serves as the

e i WS g ;<o

17

e U B b N b bt

e a
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hode K. The anode A l\—-; ~l,h:: ior- ot—; rod iin>cy_lﬁin'dr_i;:l.~|;-l\'o;;cei_l;~).'; .o.‘._-_.-.“

ere, or a loop (in spherical photocella). Anodes in the form of wires, 1, 9, or

.59 - Photocell with
Central Cathode;

Anode; K- Cathode;

'Terminals of saodes
and cathode

Fiz.60 - Photocell witk
Casizrs) Aaode;
A- Anode; k- Cathode;
B- Leads of anode »nd
cathode

fig.61 . Photocell with

Plane-Parallel Elec-
trodes;

A- Anode; K- Cathode;

B- Lead-Out Pins

ds of nickel or copper are also ofter vsed. This eliminates the influznce of the

rges formed on the nonconducting part of the inoer surface of the tube. These

Fig.62 - Photocell with Symaetric Electrodes

rges are generated as a result of the fact that part of the photoelectrons fly

t the anode and settle ud the surfacs of the tube not covered by a photosensitive

B GRS

5

a
4

RN

- hy}r >(v.he i—ighz-l&i\ling-:in:l;-).
. A photocell with plane-parsllel electrodes (Fig,61) has electrudes in the

fora
“ of flat plates arranged parallel to cach other.

A peculiarity of photocells of this
Ltype is the unifor=ity of the clectric field Letween the electrodes.

This produces
favorable opevating conditiens for the phuiocathode.

A photocell with syzmetric electrodes (Fig.62) has clectrodes of the sase di-

mensions and photosensitivity. Under uniform srradiation of both electrodes, the

“resistence of the photocell circuit decreascs. The advantage of these photocells is

" their sbility to psss alternating current: ail other photoczlls, when coanzcted ia

" an AC circuit, pass currest only in one directioa.

.
¢
|
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.~ (see Table 31).

Semiconductors are substancer having a resiutance not less than 10°4 and not

._'nore than 101¢ ohus/cm3.
In semiconductors, as alrendy stated (cf.Fig.43b), the forbidden 20ne iz of -

szall width, and when the energy of a

203 5 ce:“cc :,
photon is absorbed, electrons may pass

free wne. An electron that has passed

CHAPTER VI E z from the lower filled zone to the upper
\ ~\
\

PHOTOCELLS WITH INTRINSIC PHOTOEFFECT

iato the upper zone leaves bekind it a
(PHOTOHESISTANCK)

wcant . havi iti h, .
. QJQ’ T 5,3)1,1 T3 oo " vicant place, having a positive charge

Section S7. Intrinsic Photoeffect in Semiconductors Such a place is called’*a positive hole®.

M"Fig.63 - Belation of Spectral Sensitivity Its charge is aunerically equal to the
of Certaia Semiconductors and Erergy
of the Cuanta

“ _ &) Pavelength, u; b) Sensitivity ia Censequentiy, to cach electron
The intrinsic photoeffect is observed in dielectrics and semiconductors. Only ia _ -~ relative units; c) frergy of quanta, ia

The increase in electric conductivity of a substance under the action sf ia- -
- charge of an electron.
cident radiant energy at constant temperatuxe is called the intrinsic photoeffect. -

Nectron—olts passing into the uppsr zone there wuat
«le -

e zes .
Table 31 . correzpond a “positive hole” in the

. A R ln-er 20ne. This nccurs im szsiconductors only at high .zpetat_uus, vhea the
Classification of Substances According to Electrical Properties

— passage of electrons from zone Lo zooe is facilitated.

Substance Tesistance Carrier of Electricity Tecperatare
per ! Coefficieat
ohea

At room temperature, the condnctivity of sexiconductors is =xplained by the

" presence of irpurities, vhich disturbs the electric fields lioking the atcms in the

2.

crystalline structure of the semicondactor. The rreseace of impnrities leads to the

Setals <104 A 3
Secdceaductors: »
electrolytes > 1074 . “__the Soviet scizatist who imvestigated this phenowencn. f{m outline, the zeckanism of
crystals < 101

Dielectrics > 1010

appearance in the forbidden zone of =llowed energy levels called *Tamm levels® after

" the intrinsic photoeffect is as follows: On absorptioa of the energy of quanta of

“_a radiant flux by the atosz of s semiconductor, electrons are literated from the

,. semiconductors does this effect become so pmnou}:ced in the visible regioa, and erystal lattice saad, under the action of the applied voltage, move ia the directioa

" particularly in the infrared region, of the spectrum that it can be utilized for .. _of the electrode huving the positive poteatial. As 3 cesult, a primary electronic
,

" practical purposes. t . " photecurreat ia produced.

" tween metals and dielectrica. There is no sharp boundary between theu_ }hxee KTOUpS,

_7" but it is customary to classify theam ageording to the value of their resistsaces

In their clectric propecties, semicoaductors are substances intermediate be- The positive charges move toward the electrode haviag the negative potential.
"'ﬂ:e curreat produced by their wotion is called secondary. The sharply imcreased

nunty y of semiconductors to n!nud rays, by coupnnn:e. with pbowu'.hode-

T - STAT

-9
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. ‘o;era-zing on the principle of he ext..ri'n:i; p)»o':c;e'f.(:\:;l, -i_;-‘:..;,;!'eir;ué—{z;vd::-f;;:_
. 'th-! in semiconductors the energetic distance between a field and a free 2002 is
swall, since rll the process takes place inside the substance. Noturslly, a ssaller
asount of encrgy is required to displace an elec-"
tron from zone to zone than to overcoze the po-
tential barrier and caure the electron to fly be-

yond the surface, in the external photoeffect.

<k photeelectric ei-

fect, the minerals of greatest intarest, for

exsmple silver blende or argeatite (Ag,S). lead

) blende or galeaa (PLS), wolyldesum kleade or
Fig.64 - Schematic Process of

zolybdenite, Liszuth blende or tiszutbinite (BiS;),
Internal Photoeffect

and inorgenic cospouads, for exsxple a mixture of

T thalliua sulfide and thalius oxide, a seleniva-tellurius alloy.
- Figure 63 shows the relation of the spectral sensitivity of certzin scmicca-
7 Guctors to the eaergy of the gquanta (cr to the radiatioa waveleagth}). Tie diagram

:sho-s that semiconductors possess high sensitivity to infrared rays of wavelengths
" - up to -6 u.
_ Section 58. Currents of the Intrinsic Photoeffect

in sexicond

The photoelzstric p begins under the actioa of a ra-

diant flux which causes generstica of the primary electronic photocurreat ip, arising

._:IS « result of the mation of the electrons lilerated Ly the quanta of the radiaat
flux.

The process taking place in the internal photoeffect is desonstrated ia Fig.64,
which shows a sesiconductor C, placed between two electrodes A wad K. The voltage
"“on the electrodes is ixposed by the battery B. The galvancmeter G serves to secasure

" the current arising on irradiation of the semiconductor.
The absorption of the energy of the radisat flux by the crystal leads to the

- fon_at.ix_xr' o_f positive charges which ars displaced, under the actioa of the applied

field, touard the electrode K, by a distance xg, and to the formatioa of regative

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6
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ﬁ'char‘g;;, which l;e ditpl;c;i wvu} E; Telectrode A by a distasce x;. Os sotios of
the charges owazd the slectrode A, a prizary cereest is produced, shile on their
'  wotion twsard the electrode K, a secondary curreat is generated. Oo the rlectrodes

there arises the charge -

c- 5‘;-(“ . (136)
electrode spacing;
distance Ly which the cegzatisz charge is displaced;

= distance ty which the positive charge is displaced;

= qunber of electrens literated.

i u=it tixe, N' moving charges #z2 formed, thea the prizary photocurreat

d.
i T {xy ¢ x3)

137)

it has keen ‘ound that the prizary photocurreat arises about 10”4 sec after the
" Leginning of irradiation, i.e., its sluggizhness is low. The prizary curreat is
- T strictly proporticsal to the radiant flux and, at iacreasiag applied voltage, ap-
©* " proaches the sataration currest as its limit. A cosparison of prizary photocarrest
.;'—‘-i- the satazation regica with the epergy of the abeorbed radiatica shoss that the
: -—h\' of the quaatsa eqivalest is vaiid bere: = the region of saturation, eoch ab-
: ‘--mrbed quantus of energy by cr.ses the appcarzace of one phatoelectron.
g : Ia addition te the prizary current there is also a secopdary curr:at whose
" patvre has sot beea established exactly. It is assumed to resxlt frow the dis-

of the

. __ torbamcs of the crystalliae structare of the icondan

Ly the p

primary curreat, which reduces the resistasce of the sexicondactor. The magai tude

. of the secondary curreat is usually greater thea that of the prizary curreat, and it

:‘ has @ greater inertaess. Not teing produced as a direct reselt of irradiation, this
- curzeat is mot proportioaal to the iacidoat radisat flux, tet depeads stroagly ia

~ magnitvle on the applied voltage and the tesperatare of the semiconductor.

’ “—— If—l:hc n;;w-&:wt e)aét i-' spplied with an exteraai voltage U, thea, the

e

123

2 eyt o N s i e e
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’ fibe{nio{: of electronn'l‘ro-. their pl-lcn—c—;uuc'n ada .ebl;c:z‘vni;;currer;t: to flow
.. from the diatusbed crystal structure, in the absence of irradistion: _ _.

: ; PR

z; ‘where j = electric oonductivity;
q = surfcce of electrodes;
1 » elcctrode apacing.
the conductivity G is increased, which may

Whea a semiconductor is irradiated,

be deternined from the expression

(1%)

charge cf the electron;
wean duration of excited state of an atom;
velocity of the electroa;
nuzber of places in di sordered structure.
The current increment Ai which apr.als on jrradiation is calculated Ly the
formla

netly q U= netvy

ol 1 ,:“

Ai =
From eq.(140) the following conclusions may be drewn:

The dark current iy and the increment of photocurreat on irradiatioa okey
Ohe’s Law;
The photocurrent is proportional to the number of places with a disordered
crystal structure;
The photocurrent is inversely proportional to the aquave of the distaace be-
treen the electrodes.

- The photocurrent iph' corrasponding to the incident radient flux, is defined

- by the formula

i, " AL -y (14

s T3 eE AN VATIATITIAN e
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" The principal vor!io‘;‘;f tie;r;;;nj 8 .i;—_fomed-byvih-;—l_e_u;l;dl;y urre‘at’.— 0

_ that the current 4i is not proporcional to the incideat radieat flux.

The value of the photocurrent ip‘ is deternined as a function of the incideat

n“'v*

where @ = the proportionslity fector;

radiant flox by the forsula

(142)

¢ = radiant flux.
It follows from eq.(142) that the photocusrent increasen proportionally to the
square root of the radiant flux.

1n this case, eq.(141) and eq.(142) give the additional curreat

Ai'i"lvi

The relation between the photocurreat and the time of illumination is expresssd

(143)

R by the foremla

5

Ty

..

iy, " 8- ig(1- ekt

. vhere k = an expirical coeflicieat;

¢ = tice fros begiraing of irradiation duriag which the photocurreat reaches
its limiting value;
e = Lase of natural logarithas.

If a semiconductor is connected ia series witk a battery sad a measuring ia-

- strusecat, as s’han is Fig.64, thea the pbotocurrest
!

i " LG ¢ B

- vhere U = volzege of the battery;
- Gg * durk conductivity;
- 8Y4 » increaent of condnctivity oa irradiatioa;

B = constaak coeificieat.
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' Using -€q. (143), the integral sensitivity may be deterwin

T W T e 00T T
L

e

The conductivity 1ncrement per unit flux, on irradistion, is

_aYe 8
x ar

e
Equation (145) yields the integral sensitivity

Ldi U
1

B
B

1f the lead resistance §, commensurable in value with the resistance of the

(148)

“photocell, is connected in the circuit of phe photocell, then € diminishes.

2 . Ssction 59. Characteristies of Fhotocells with Tntrinsic Photoeffact

The principai characteristics of photccells of this group, as for photocells

‘{: ~ extrinsic-photoeffect, are spectral characteristic, intesral seasitivity, threshold

? - of sensitivity, frequency, volt-empere, luzinous characteristics, voltage sensiti-

2o qity, end current seasitiviiy. There iz, hosever, a differeuce ia the definitioa

3 _ of characteristice such =3 iategral rensitizity and o
3u—

“defined as the decrease in the resistance of the semiconductor A under the actioa

tivity threabold.
For photocells with intcinsic photoeffects, the integral sensitivity £ caa be
4

B :nf irradiation by a definite radiant flux & at a given radiator temperature, re~

. _lated to the resistunce Ry of the nonirrsdizted zemiconductor

Ry - N
e 4 < 100%/9
R

(149)

Such an expression for the integral seesitivity is more accurate, since the
= senaitivity there is defined as a quantity indq)en'dmt of the coanection conditioas.
Tha-sensitivity can aiso be defined as the ratio of the amplituda of the alternating

5 _ asignal U, arising on the input resistor of the =mplifier, to the value of the lumi-

@ 50-Yr 2014/03/27 . CIA-RDP81-01043R002800190001-6

.

- ‘nous flux & causing this sigasl. Ia this caze, the seamtivitv is ;pr;;ed_:r;—d_t;

_ per wast (v/m)o ..

. in the photocell circuit, an clectric signal 2-3 tizes grester in vafue thus the
signal due to the inherent noisze of the photocell, raused by the discrete nataure of

electricity.

The roise voltage ray te found frem the expression

G, - ywTEr

shere A = Boltizenr constant;
T = absolute texperature;
R = resistance;
&f * width of pass-tand of axplifier.
The threshold seasitivity is less, the lower the noize level hacomes,
In additiom, photocells with intriesic pbotoeffects are ckaracterized by the
(_} 'tu.pcnture dependence, indicating tke influeace of the tewperaterz on the phatocell

- characteziatic.

-.7 Section 60. Types of Photoresistance Cells

Paotocells with intrinsic photoeffect ase vsaally called ;Lotoresistors, siace

. ..thias term characterizes the Lamic process takiag place in suchk cells, nszely the

waristicz ia resistance under the action of a radiaat flax.

.. sensitive to infrared rays. Au present, selenica, seleniun-tellurium, thallimm-

All photoresistars are

'tmlfide. lead-sul fide, lead-selenide aad lead telluride nhatoresistors are used ia
. t!echnology. Let us mn:ider[ the peculiarities and characteristics of eack of these
.
(_\: ~ Sectioa 61._Seleniza Photoresistors

— The first model cf a selenica photoresistor was tuilt is 1676.

. photoresistors.

It comsieted
** Gf-tvo wires, spirally wound oa sheet mice (Fig.65 o). To impart photoseasitivity.

. to the seleaivm cell, moltea seleaivm was poured oa the xica and vire, shich vere

STAT
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then heated for several hours at 206‘0:
Bire resistors with an unglazed porcelain core were milt lster. The surface

of the core had a double screw thread on which two platinva or ividiua wires were

0

l‘ I

a) b)
Fig.65 - Wire Photoresistors:
a) Yound on sheet mica; b} With a porcelain core

z apirally wound (Fig.65,b). The spaces Letween the wires were coated vith woltea

~ selenium.

N Photoresistors of the condenser type (Fig.55) were luilt later, with more sue-

o cess, using a design reseabling that of conventional mica capacitors.

Plates of

T

Fig.67 - Engraved Photoresistor

e

Fig.66 - Condenser Photoresistor

metal foil, connected by a *‘corb” and covered with selenium, were pressed on the

" surfaces of mica plates of such photoresistors. The drawbacks of such photore-

~ sistors lie in their high capacitance and in the dzpendence of the photocurreat oa

. 7_the wodulation frequency of the incideat irradiatioa.

The etched selenium photoresistor (Fig.67) is an improved desaga. The elee-

5 - trodes (E; and Ep) are prepared by precipitating a thin film of gold oa a glass or

; "gnphite plate. The narrew strips ol gold removed by .hlhlrp tool, form a grid.

» _"!‘\e space hetwaea the elastrodes is filled with a thin layer of selenium. The ad-
ge.of- (’,h'il photocell over the ones described above consists in their increased

Approved for Release
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4{i_sistance is not always useful.
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ensitivity and lower capaci

The corb construction of seleniua and other photovesistors (Fig.63) is widaly

used. This dezign consists of the glass plate (1), cn shich a gold grid has teen

spplied by heating, or on shich the-greoves (2)

in the fors of interlinked ‘‘conbs® have Leea

etched.

The distaace Letween the grooves is

0.1 r, and their length 10 zx. The depres-

sions of the grooves are filled rith gold,

graphite, or other conducting substance,

covered with a layer of selenius alout 2.5 x

Fig.66 - The Comb-Type Photo- % 10°% cm ia thickness.
resistor:

1- Glass plate; 2- Grid-liaes

The plate with ths

In tuildisg

photoresirtors, the seleniun sazface is first

electrodes is inserted in a tube.

- formed in vacuo; duripg the f{iring process, aa inert gas is istroduced into the tube,
This considersbly i1ncreases the stability of oprration of the pbotoresistor®, while
" the texperature {luctnations are reduced.

The sencitivity of a photoresistor is expressed in perceat fcf.eq.(142)], or ia
© Tavperes per watt of incideat radiant flux. Thea the resistance vzries from the durk
”:usi-nnce (13) equal to a few megohus, to the light resistance (K.) equal ta a

'_fncliun of a megohm, vhe sensitivity of rhe photoresistor varies by tens of perceat.

The determination of sensitizity is terzs of percentage fluctuation ia ve-

It is incorrect to deternine the seasitivity ia
! _licxot:p-.zea per luxea, since the photoresistances react to a radiaat flux over =
- wzde spectral range, and not merely to the luminous flux. For this reasos, ia weas-
. _ uring sensitivity in absolute units, the seasitivity iz eapressed by the -stio of
" the photocurreat strength (sep) to unit paver of jacident radiant flux (watt).

Spectral Seasitivity. The distributioa of the spectral sensitivity of a

s Appaxently the instabslity ia the operation of photoresistors is due to the
acteuss of oxygen (both during sanufactare zzd during operativan). For this

---reazon, the forming of the selenium surface 13 vacuo sad the filling of the-
l_:ulb with aa inert gas favor increased stability.

129,
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elenium photoresistor is shown in Fig.69. The di

tion (Curve b), there are no pronounced maxims of sensitivity; at illuninatinas of

/

20

60

Lo

1200

&5 3
0
a)
Fig.70 - Relation of Photocurzeat
of Photoresistor and Illumination
a) ilium nation, lux; t) Total
photocurreat, ¥ P

Fig.69 - Distrilution of Spectral
Sensitivity of Selenium Photo-
resistors
a- At high illusination; b- At
low illuminatioa
a) Wavelength, u; b) Photocurrent
in relative units

“~ over 100 lux (Curve a), there is a sharp maximum in the region A = 0.7 u and a weak
- maximum in the region A = 0.5-0.6 u.
Luminous Characteristics. In photoresistors, only the primary cozpoaeat of
_:._: the photocurreat depends linearly on the illumination. When a secondary curreat
T arises, this proportionality no longer applies. This is illustrated in Fig.70, ia
which the total photocurrent i is plotted as a function of the illuminatioa E.

The total photocurrent is related to the illumination by the equation

i=CE* (151)

> - where C = a constant;

x * an exponent depending on the propsrties of the photoresistor and the wave-

length of the incideat light. e

The relation between the incrowent in conductivity (reduction of resistance)

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6
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Tand the illumination is ’expru;e—d.!;y‘.z—l;; foraula
el L. FE®

RR (152)

For a seleniom photoresistor, the exponcnt < ia this foroula 13 aloat 0.5,
vhence

Z

{153)

i.e., the increace ia conductavity is proportional to the squsrs root of the illumi-
nation or limiaous flwx.

The curve showa im Fig.71 confirrs the relaticn exprese=d by eq.(152)

1 1 . .
E -E is 1aid off cn the

The dif-

: ference between the light and dark conductivity 4G =

I’ ordinate and the 1lluminaticn im lux on the abacissa.

39

)

I
|

Fig.72 - Volt-Anpere (haracteristic
of Photoresistor:

Fig.71 - Kelatioa of Conductivity of
Photoresistor to Illuwination
a) Illusiaation, lux; b) Conducti-

N i - Dark curreat: i - Curreat under
vity 4G,

kllwminatioa
a) Voltage, v; 1) Photocurreat,u sap

el i et el e

4= 0

Yolt-Azpere Characteristic. The photocurrent depends riot only oa the illami- ~
- e . - [
- ~ natioa but also ca the spplied voltage. Figure 72 shows the volt-smpere character-

_ pation b STA
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istics for the Jark current (in) and the light current (3.
The dependence of the dark resistance Hy and the light resistance R_ on the ap-
" plied voltage U is shown in Fig.73.
Frequency Characteristic. All photoresistors have inertaa, veaning that the
photocurrent, on illumination or Jdarkening, does not change instantaneously hut with

%

< D=vk B i and the Light
o tu the Applied Yoltage
a) Yoltage, v; b) Resistance, chm X 10-3

— a certain lag. The time necessary for the photocurrent to resch a value equal %o

*+. 95X of the maximum photocurrent is usually taken us a criterioa for the sloggishness.
R . ¢) —ei— d) —=

The sluggishness at decreasing photo-

. —

i

curreat differs irom the sluggisharzss at

rising curreat; usually the time of vise

is shorter thaa the time of drop.

——f e ___f.___En_..
L4 0»33)4-7 gy G5 as

Fig.74 - Sluggishness of Selenium Photo- dicating that the time of rise of the
cells

. a) Time, sec: b) Photocurreat, X;

_ ¢) Light; d) Carkness

Figure 74 gives the slogzishioess

curve of a selenium photoresistor, ia-

photocurreat, from the instaat of illuai-
nation, wmounts to alout 0.2 sec.
- 1f a seleaijua photoresistor is ir-

radiated by a wodalated radiant flux, the sluggishness increases with incressisg- -

modulation frequescy f. The curve in Fig.75 shows thay, at 3000 cps, the seasitivity

@ 50-Yr 2014/03/27 . CIA-RDP81-01043R002800190001-6

_:;}-. phomre}ilwr is anly— ii‘/‘Iol the ini:tinl xe.ﬂ-lili"ll;v;;;l;:td ata (réq;a};;ry of

:40:».. -

The frequency dependence limits the applicatisz of seleniun photocells ia the
: _ hizh-frequency region. o T
Tezperature (haracicristic of Conductivity, The velue of the resistance de-

peads on the tecperature, and this dependence differs in differeat tvpes of photo-

N . L : .
w X2 (Y5 -] pesr )
2
Fig.75 - Frequency Characteristic of $8-75 - fquavaienc UGr=it
o1 Photoresistor
a) Yoculatioa fregiency of radiaat
flux, cps; L) Seasiuirity, %

resiztors, being deterzined Ly the state of tte sexiccnductor laver. For sore types,

-- the dark and light conductivity decreases uatil the los-tesperatare one is reachbed, /
_ - while in other types the zaxizmm of light and dazk condnctivity occucs at 9°C.

The zensizivity of phototesistors rizes with decreasicg resperatare, tat ia

this ccse their frequeacy characteristic also teccmes less favorable.
' Yoltage Sensitivity. Lsing the equivalent circmit (Fig.75) of the photo-

- resisios r, connected im series with the voltage source U aad tke exteraal load B,
" the voltage sensitivity of i photozesistsr cea le dztermimed.

Thie voltage drop across the exterzal load is detersined ty tke formmla

A R (159

By difforertistiag <3.(154) vith zespect to r, ve get

133,
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- is expreised in v/w.

: . ©pain s . he _
¥e recall that the variation in conductivity under illusination is proportional _ re
) h v of the illunination. The total conductivity The curve shown in Fig.77 gives an 1des a3 to the voltage sensitivity of a
to the square root o e .

juz photoresistor at low radiant ilauxes. The curves decline sharply at a lomi-

66, +G, nous flux alove 0.1 lumen.

where Gy = dark conductivity; . : Section 52. Thallive Sulfite Photoresistors

G, * conductivity under illumination.

Since

Ia 1517, thallice sulfide photoresistors

were developed. These consisted of a com-

pound of thellium and sulfur, plas oxvgea.

o . o
- - - I - Such photoresistors, vhich mere given the
it follows that

nase *“thallofides”, possessed bigh sensiti-

e 0 bl D . -
- 2 vity to infrared rays. Tte techaigue of their
r

Fig. 77 - voltage Semeiejvity e2anfacters, i vuilines, is as iol-
Selenivm Photores

a) luminous flux, lumen; t) Voltage

& = radiant flux. ’ R seasitivity, v/la Thallium is toiled in sulfuric acid aad

where E = a constant; lows:

Hence - the solution evaporated ic give thalliwn
Gy © .. zulfate. On electrolytic purification, ce2sllic thalliza is forazed, which is dis-
r= - —
1+ G, i" . solved in water. On treatmest with hyd-.aes sulfi’s, thallica sulfide 1s precipi-

. . tated, which, after hecai treatment, locomes sensitive to radiant enmergy. The re-

By differsctiating eq. (155}, we get N
e ! ..~ sultant thallium sulfide powder is applied w a quartz plate. To protect tte pbo-

636 . - tolayer from atzospheric influences, the photoresistor is placed uader a vamue.

dr * e d¥
2 v 31 + Gg3 YS‘)’ - The sensitivity of thallofide, detersived fros eq.(149), at aa illvxinatios of

¢ dy one lux, is as high & ~ 30% if the dark resistance of this thallofide is abost
At B = r, the value o e Bax1BUS, _
N - 2-8 has.
Using eq.(353), we find the voltags fluctuation s megobas. )
) The threshold seasitivity to lumipous flux ia scdera thallofides is 4'x 10-7

= diy .- v+ 6,8 ") —to 8 X 10°% lumeas and to a radiaat flux, 3 * 10°? 1o 6 x 1077 watts.
I 4Gy

Figure 79 skous the relation between the threshold seasitivity of tkallofide

On the basis of €q.(156), let us determine the voltagze seasitivity. " and tha inteasity of the applied voltage.” The diagram indicates that the threshold

13. STAT
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sensitivity of thallofide increvses witk a

The sensitivity of thailofide Zecreases with increasing iliumination E; the

curve in Fig.79, which shows the relation of sensitivitv and illusination, confirms

this statesent.

The spectral characteristic of sensitiviey

of a thallofide is xiven in Fig.80. The charac-

teriztic has two sharp maxiza: at X 2 0.5 & and

at A = 1,05 u.

These maxiza are icherent is all thallofides,

Lut are sczewhat shifted depending on the zetlod
/ u3ed in preparing the th2llofide. The long-vave

a3

l * Loundary of sensitivity reackes 1.3-1.4 u.

The wolt-acpere characteristics of thallofide

B
~ ﬁ:-m = 3 are ooalinear. Fizure £] gives the curves of the
Fig.78 - Beistion between
Threshold Sensitivity of a
= Thallofide and the Yoltage
(_ a) Yoltage, v; b) Threshold
sensitivity in relative units

dependence of the dark current ij cn the applies
voltage U, taken for three different tlallofides

{Curves 1, 2, 3). At increasiog voltage, tte

- steepaess of the characteristics rises. I the

~ range of 10-1S5 v applied voltags, the ;cl-'.ion of the dark curreat to the voltage

N is cluse to linear.
; Toe luminous charactaristics of a thallofide, taken at wcltages of 4, 10, aad
’—m volts and illuainations up to 100 lux, are gvea ia Fig.82. The curves of Fig-

. ure 82 show that, at increasing illumination, the plotocurrest i, iccreazes sca-
" linearly, since the slope of the curve varies with the applied voltage G. It has

: ~ been experimentally establisted that the pbotocurrent of thallofide reaches its max-

_imum value 1 % 1073 to 1.5 % 10°3 sec after the beginning of irradiatioca.

C = The frequeacy characteristics,. takea ia the dynamic state for aa olsolete
T (Curve 1) and a wodera (Carve 2) thaliofide, are givea in Fig.83. The diagram ia-

" dicates that the seasitivity of the old specizeas of thallofide was wore depeadeat

" on !h:“{n(,u:.cy of the lnc;é;_; l_l—g ;:—l;d— L}.a‘t l;!;:“;t_t;«l;l?ml Le used at ire-

quencies higher than J000 cpa. The cmasatinity of sodors speciaens of thailofice

/Z

. a)

Fig.75 - Belatioa of Sezsitivity of 2 Teallofide to Illomiaation
a) Illomication, lxx; 1) Seositivity is arritrary zzits

depends less oa tle freguency, zad «i 19,00 s amcuats toc atout 3% of aaxize

eivizy.

Tie tespezatzre characzeristic of a ttalloficde is 1tow ia Fig.€4. It folloes

\ f
e
N voltage. Cxrves 1 23d 2 correspond ta tke high-

[
LTI Y Y

© — Fig.£0 - Spectrai (Paracteri=zie
~  of Seasitivity of a Thallofide 2, 14.5 negolms); tiey are almost lizear zad are

! 3 E)Seasitani
*) Baveleapik,is 1) tvitr. ¥ ctaracterized by a low zoise level. Cxrves 3 aad

from tkis d1azraa that tle ressitinity decreases
witd iscreaziag tesperutsre.

Figxre &35 sbows ccrves 1:dicatizg tle re-
latics of tke acize level cor ldark zoise »wlt-
age U, cn tre applied voitage L. Tie soise

voltaze izcreases zoalisearly witk ixcreasiag

resiztases photsieaistors (I, 5.% zepohss, aad

~ 4 correspoad to los-zlmic protoresistors (3, 2.57 meghzs aad 4, 2.54 segolms); they

M tave a relatively bigh scise level 2ad a zoalisear depesdencc. Toxs the ighzr-

T resistaace resistcrs Fave am 1atriasically loser soise level.

- -n:cnnu of Fig.85, takea for &affsrent voltapes € (2.4 and 4 v), shcw the

A STAT
.
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'.;vel_IAl};:;‘Of-th noise level lr.o[ ;:h;i‘lo..;le:o t}:e—illnin-ti;;. The curve im-

" _dicates that the noise level sharply rises with the illusinatios and with the ap-

&

o 3

. : 2 . .
Ww o 2 &2 [}
a)
F1g.83 - Freguency (aracteristics of Thallcfides
b AR RN A O - 1- Thallofide, obnolete aodel; 2- Thallafide, sodera uodel

a) ¥odulation frequemcy, ke; b) Seasativity, X

Fig.21 - Volt-Ampere Characteristics Fig.82 - Helation of Photocusreat of a
of Dark Current for Three Thallofides Thallofide to Illusination at Various
a) Voltage, v; b} Lark current, 1t am=p Yoltages

s) Ilumination, lux; L) Plotocurreat
under illumination, u asp

‘plied vcltzge, - ) L-‘
- B N o

Section 63. Telluriun-Selenide Photoresistors o A

- In 1929, an alloy of selenium with tellurium was proposed as a photosensitive -4 'ga) i 2 “3
" layer. The basis for this was the fact that the selective maxiwua in alkali metals . Fig.64 - Te=perature Characteristic of Thallofide
| T shifts toward the long-vave rasge with iocreasing atomic weight. The higher the . a) Texperature, *C b) Semsitivity, ¥

- atomic weight of a metal, the lower the work function of the electroas. Conse- 3 &

- - l
- quently, the photasensitivity of selenium can be <hifted toward the loager-wave ia- J e ~

= frared rays by adding to the celenium a swall amount of telluriuas, which has a

" higher atomic weight, i

Tellurium-selenide photoresistors were first built in 1931 The difficulty ia

H

1

f_ thzir wanufacture was the fact that the mnduct!ivicy changed at a layer thickness 3 - : { ; !
4

v

) ;°f 5 x 105 mm (the depth of penetration of light) and the resistivity of the alloy : ) ar N w “‘,.)'-" \
Fig.65 - Felation between Norse Level of Fig.86 - Belatioa tetweea Noise Level of
" - deep layers took effact. Ia addition, the prepuratioa of aa alloy of seleaium and : Thallofide and Applied Voltage T!‘:alléhde and _lllu.fuuo-

- 2) Aoplied oltage, v; L) Noice 2) Tllusirataon, lux; b) Noise
Veltage, wv voltage, Bv

* - dropped with increasing tellurima conteat. In this case, the shuating effect of the

tellurium was made difficult by the difference betwean the melticg coints of

selenium (220°) and tellurium (453°), and by the diffcrence is the vepor pressure.

Declassified in Part - Sanitized Cop roved for Release 50-Yr 2014/03/27



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6

e

R TS

[ . e B Y [ . e e e

‘At first the tellurivm-selenide layers were applied by cathede sputtering. Luter, (Fig.56). The smaller this spacing, the maller a radiant flux cas te d;;e-c'::d-i;~
: sach photoresistors were made, with completely sztisfactory paraseters, by zesas of the chotoresiator,
* vapor-deposition. Figure 39 gives the_ spectral characteristics of a photoresistor at various
The apectral sensitivity of a tellurium-selenide photoresistor is given in tig-

nre 87, The maxicus sensitivity lies 1n the region 0.7-0.8 u. The sensitivity of

W photorenistors at an illuzination 100 lux is / NI
) i 3t
100-250 u sap/luzen, and the variation im conduc- . ‘ a) By A ~-\—-L—-'A—<'

N

\;

tivity under the action of irradiation reaches ' [
. s . &
30-50%. The Lasic dizadvantage of tellurium- : . * ¢ A rvcre
5
selenide pnotoresiators iz their low seasitivity

in the spectral region ncar 1.0 u and the low Fig.28 - Felaticn of Threshold Fig.89 - Spectral baracteristics of Lead
. Sensitivity of Lead Sulfide Sulfide Fhotoresistors
Fhotoresistor to “lectrode 1- At a tesperature of the jlotzolaver + 20°C;

Spaciag 2- At a tezperatare of the photslayer -185°C
Section 64. Lead Sulfide Photoresistors . a) Iaterelectrode dis- 3) Seasitivity 1a relative usits

tasce, cm, b} Threshold
Fige7r. s ¥ In these photoresiswors, the isver semsitive Sensitivity, wsatt
Tellurium-!
resiator
C a) Wavelength, u; b) Sensiti-  sulfide.

ity, =axianm of spectral seasitivity and the losg-wave toandary are shifted tcward th
e (I The technique of tuilding lead salfide photo- - ;4, st fred tomard Be
resistors is as follows: ’ = X

value of the red boundarv, azounting to 1.2-1.3 u.

to radia=t flux is forced by s synthesized lead
tezperatures of thke =zositive sarface of the photclaver. The curves sbuw that the

L
A lead sulfide layer about 1 u thick is deposited o = glass Lase. Such a . ”,l -

layer can be obtainsd by two methods: either by dissolving semonium sulfige ia lead-

B) o}

:;-: containing coxpounds (the “vet” xethod) or by distilling in vacuo (the “dry” vethod).

" In both cases, the lead sulfide layer deposited on the lase is sutjected 1o anm

oxygen atmosphere to cbtain a particularly sensitive surface. Then two thia, al.

@ost transparent layers of gold, foiming the electrodes are applied to ecach sida of b o I <}

. i a
the photoresistor. The photoresistor is placed in a vasing with @ windov of quartz . )

" Fig.90 - \olt-Ampere Characteristi Fig.91 - racteristi
or other material permmeable to ir.frared rays. To make the photoresistor highly ie-50 ° re Diaractrmstics £.91 - Preqeacy Garacteristics of Lesd

T T of the Derk Correat iy and the Sulfide Photoresistor at Yarisus Tiiger-
- sensitive it must be cooled to low temperatures, which consaderably complicates the _ Photocurreat i, for a Lead Salfide atures

C design of the body of the photoresistor. : Photoresister =} Frequeacy wodulation, cps; L) Seasitic’

3 ..~ 3) Voltage,v; 1) Currest, amp vity ia relative uaits

_ 7 The threshold sensitivity of a photorcsistor depends oa the electrode spacing Tttt
=g

- . s loammas_mama o
t

#e with decreasing tempezature of the pbotolayer.

1T
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Figure 90 gives the volt-sspere

ch-racteritti-cl of the Jaid

current iy and the
- photocurrent i ut various voltages U. Both characteristics are linear. The dark

9 current of this photoresistor reactes high

=2zzitudes,

80 Frequency characteristics, plotted

for roow temperature (+ 20°C) and the
tesperature of liquid air (-185°C), are

Biven in Fig.91. The modulation frequency

R

in cycles is plotted on the abscizsa aad

the sensitivity in relative units on the

ordincte.
) The diagram indicates that the tem, =r-
Fig.92 - Spectral Sensitivity of Lead "
Selenide Photoresistor
a) ¥avelengih, u; b) Sensiiivity,
%

-ature has a strong influence oa the slope

of the frequency charastaristic At room

temperature, the sensitivity varies little

with the frequency modulation; ac the teaperatnre of liquid air, however, this de-
P

is very pr

d, parzicularly in the region of low and xedivm modulatioa

.. frequencies (up to 2000 cps). For frequeacies alove 2000 cps, the seasitivity is

Ll low. The inertia of the photoresistor is about 3 X ig~* sec.

Section 65. Lead-Selenide Photoresistors

Photoresistors o2 lead selenide, like those of lead sl fide,

wethods, the “dry® and the “wet®,

are Luilt Ly tme

In the former case, an alloy of selenium and lead

is vapor-deposited on a plate with eclectrodes and is then treated in oxygea to ob-

" tain a photosensitive layer. In the latter case o £2la of lead selenide is pre-
R cipitated on a plate with electrodes from a solution of lead acetate, and a laver

: uof seienide ia precipitated on this film from a solution of selenourea.

To increase the sensitivity, the photoresiator is heated for several howrs at

8 temperature of .350- 500°C.

The apectral characteristic of sensitivity of the photoreaiaior ie sivea ia

(Y

I e e e et e
:i;xgz. The curve has ‘teo ;ui-n,-a;. 2.3 1 and ;:3&:;:3?; u e l;;;.;;"{‘[:..;{.'
: aty rucs up tw 5.5 u.

Takle 33 ((hapter VII) gives the principal parnaeters of lead-selemide shots-
_resistors.  Pecsuse of their hivh sensitivity ncar vaveieagths of 1-6 -, lead zalfide

ang lend-selenile photoresistors are sidelv used

today ia vericus fields of iafrared techoolegy.

Section 66. Lead-Telloride Photoresastora

A known process cf prepariag lead-telluride

phoieresistors consists ia vapor-depositing a rix-

ture of tellorice 2ad lead on a glass plate with
. platiaoe electrcdes or a cermic rlate vitk com-
}i2.92 - Spectral (haracteristic
7 of alead-Telluride Photo-
resistor

relarivs waive

pressed cartoa electrodes.
— a) Yield ia

The lead-telleride fils is seasitized by
Leating it iz oxrges it 2 pressure of 10-i00 am Hg,

which reduces the dark conductivity at rcoa texperature ty a factor of abcut

Figure 93 gives tke spectral characteristic of a !

ead-telluride photoresistor
'—lt - 186°C. The =arin.m aeositivity lies at X = £.5 =, aad the lcag-wave toandary

-:.extends to X = 5.£-6 .. Witk incressing temperature, the seazitivity of a lead-

T telluride photoresistor decreases, accompanied Ly a certuis leftward shift of tke
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The Back-Effect Phorecell

= Fgure 54 gaves 3 scbecatic dyasrme of & tarrier-lsver rear-rall ssotoceil. Tae
rhotocell coasists of the 1aver of vetal a {tiv mistracea! to s2ick 2 thaa f1ls of
e " senicanductor 11) 13 applied; & metal grid electrede () is placed on top o the
CHAPTER VII sex1condactor.
BAURIER-LAYER PHOTOELECTRIC CELLS On arrahation of the photocell &y a flax of radisst caerss, 11 sf arises os
(BLOCKING-LAYER OH PHOTOVOLTAIC) 3 _ the tcundaiv tetszen the aemiconductor asd tle netal. Tzis teondary forss tie tar-

Yaver 3} shick c3sre N . R
mier laver (3], shich 7assca elecizeas oalv 1a cae Sireccice. firm tte asta) 15 <le
Section 67. The Photoeffect in the Barrier Laver sexsiccaductor

. The photoeffect in the b 1 has L. detected i 1id d liguids.
. e photoeffect in the parrier layer has Leen detec in selids sad licuids The frezt-Effece Photccell

T ¥t wsa first observed in 1888 by the fuasias Physicist V.A.Ul°yvanin, Prcfessor at
© T Kazan’ University. The thin layer {10°% to 10°¢ cm), forzed Letweea a semicoednctor . Fieure §5 is a diasram of a tarrier-layer shoteczll wizk frect phorseifect. The

©7 snd & conductazr, is= called o 2 iz ! igh resistsace aad coasists of tre xetal tase (a), a thick lever of sawiccedsctor 13, amd

-” possesaes the property of unilateral conductivity. Bhea a radiamt flux is incideat
Zona semiconductor, the Larrier layer pas;z: the formed pbotoelectroas oely im oze

" directicn and prevents their sotion (‘tlocks™ or bars it) in ke opposite direction.
__TA barrier-layer nhotocell (or blocking-layer photecell) coarists of a coaductor aad
- :lnicnnduccor, with a barrier layer betveen them.

N The elactruns formed under the actiom of the razdiz=t encrgy are displaced

o toward ane side of the barrier layer, asz a result of which a potestial & ifereace is

formed betoeen the surfaces of this layer, producing a curreat ia the exteinal cir-
cuit. Thus barrier-layer phkotocells require no external veltase sowrce.

A peculiarity of the photoeffect in the barrier layer ia the direct coaversica

_"of radisnt energy into electric energy; for this reasoa such pbotocells are some- /

/

Fig 34 - Disgres of Fack-Eifect Burrrer- Fig.55- 0 F - ier-
. The generation of photoelectrons in a semicond=ctor *zkes place in the same - Layer Fctocell € tﬂ':yz: r?::::“‘ farrier

*  way as in the intriasic photoeffect, so lhll.‘barrier-luytr photocells possess Liga a) Base; 1)} Semicoaductor; ¢) Electredea; 2) Base; i) Ssaiceaductor; ¢} Electrodes;
_ - d) Barrier layer d) Earrier layer

! _ tines called photovoltaic.

A
aensitivity to. radiation of the near infrared regioa of the spectrae.

The photoeffzct in the barrier layer ia cither >f the rear-wall or froat-wall - 7 the wpper semitraaspazeat metal electrode (). The barrier layer {c} is f
- c} is fermed ca

148
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’ -'-.h.c boundary bel.-e{n the -l;i_u;n;iu‘cto-;‘a;d the ;;;per ;:-trl‘:r;&;de;le irradiation
. ‘_ui the photocell, the radiant flux penetrates to a certain depth into the semicoa-

' ductor (without reaching the lowest rzetal
layer) aad lilerates electrons shach pass
through the barrier layer to the upper elec-
trodes. Thus, in contrast to Lack-effect
photocells, the electrons in this case cove
in the directior from the semiconductor to

the metal.

Section 68. Equivaleat Circuit of Barrier-

Laver Photocells

Fig.95 - Equivalent Circuit of a
Barcier-Layer Photocell
- a) HRadiant flux
. Figure 96 gives an equivaleat circuit

for a barrier-layer photocell.

The total resistance th of the photocell cozprises the resistance r c¢f the
barrier layer, the resiatance r; of the semiconductor, azd the resistsace ry of the

transparent electrode and the contacta

By=rtri*trg

(158)

The photocurrent i, arising under the wcirvn o the radiant flux, is equal to
<

" the aua of the current i) in the external circuit, =nd the lezdsge curreat ig:

(159)

AL open circuit, we have

(160)

i = ig

The electromotive force arising across the electrodes of the phorocell »ill te

" equal, at open circuit, to

Ea " i t ) (181)

The photocurrent in the external circuit increases with diminishiag external

" ——— ey

1

2l

“Fosd R,

' Fig.97 - Arrangezeat of &

Photocells of this type are also characterazed by .am efficiency 1. This ef-
ficiency © is the ratio Letseen the waxizua pover output of the photccell aad the
power of the flux siriking ke sorface S of the photocell. At a linear volt-apere

characteristic, the efficiency may ke calculated Ly the forsula

=i Ee?
- A
¢S

photocurrest:
exf of the photacell;
distance {som radiation scarce to photocell;

radiaai flax;

£ the pbutncell.

5. Lesign of Earrier-iaver Photocells

Barrier-layer photocells are almost the saxe ia design. Figure 97 gives a

schematic desiga of s typical barrier-layer pkotocell. The ptotocell ccosists of aa

° etozite or texiclite case (1}, a protective
glazs (2), am upper grid or thia solid elec-

trode (3), the semiconductor layer (4), and the

metal base (5) (lower electrode).
Of the groop of tarrier-layer photocells,
only pkotacells sensitive to infrared rays will te
Barrier-layer Photocell:
1- Casing; 2- Protective glasa
shield; 3- Electrodes; 4- Semi-
coaductor; 5- Base

dizcussed telow, including caprous oxide (ccprox)
tack-effect photocells, silver-sulfide, lead-

sulfide, 2ad thallica-sulfide photocells.

n Tre

Section 70. Thc Toprous Omade Bach-Effect Fhoroceil

I
-Tea process of eczafactariag coprous oxide back-effect or rear-wall photocells

is.very sisple. On a lead plate attached to a copper plate alcut 1 am, oxidized ia

L T T P S N A U T

STAT

g

jt-3
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) _;n ovea at a u-pent-un :E'Iobo'(ff :_f;ye-r Of—ﬂwyt—"“‘;o;l&e—'—c;,ﬁ)‘ atout 9.1 'm
:_ thick is formed. The plate is cooled slowly to 600°C under exclusion of oxygen. A

metal wire mesh or grid, serving es the second 2lectrode, is attached to the laver

133 as [ 1 X P

a)
Fig.98 - Spectral Characteristic of Cuprous Oxide Photocell
a) Wavelength, u; 1) Photorurrent ia relative uvaits

of cuprous oxide.
The spectral characteristic of a cuprous oxide back-effect phitocell (Fig.58)

has two sensitivity maxima. The first vaximua occurs at a wavelength of atout

400 - ——

[T
!

/
!
:

//A

I | !
' a5 ,a)," 2 25 J 3

Fig.99 - VYolt-Acpere Characteristics of a

Fig.100 - Relatioa betweea Photo-
Cuprous Oxide Photocell electrocotive Force and lieisous

© a) Luminous flux, lumea; b) Photo- Flux for a Caprous Qxide Ptoto-

current, W amp cell

a) lumincos flux, losem; b) Fho-

toelectrorotive force, ms

1. 0,615 u. With d ing

7 thia

The second maxizus correspcads to A » 0.8 1 aad likewise depends oa

shifts slightly tosard the short- i

wave portionm.

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6
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“the tezpersture. The iatepral s cride hd;-’elle'u: ;;.;l_ncell ’

is equal to 100-200 4 amp/ln.

Fisure 99 shows a famly of volt-azpere characteristics, iadicatiox tte dev

. .peadence of the jbotocurrent oa the value of the radiast flux 2ad the rasistaace of

3 w

i

i
1
;
X0 NG TE 228 100 S5 A9 e
)

ik

Fig.101 - Frecuescy Qaracteristic of a Ceprons Oxide Protscell
e a) Vedslatios frecueacy, ops; &) Semzitivity, %

- _t}.e exteraal lead. Carves 1, 2, 3, 4, S, 5 and T were takes, rescectively, at ex-
tereal circeit resistaaces of 3, 120, 200, X0, £0, 509, asd 1600 oixs. The dia-
’ gran ia Fig.59 stows that, at Jow flux aad lcw exteraal zesistasce, ke plotocwrrest
:i: directly propostisnal to the flex. WHid iscreasiag extersal resistaace, this
—proporticnality ce loager Lolls.
Figure 100 sloss the relatica tetweea :-e rhotcelectronative force gezerated bty
-z the rhotocell 2ad the aapmitade of the izcideat flux. The diagram iadicates that
':":he phatoclectremotive force depesds logaritizically ca tte light flux aad iacreases
; j'ith it. i
Z The frecaency ckaracteristic of a caprows-vxide photecell is stowm ia Fig.101.
. ?Sm cupreas-oxide photecells have a rorzral cxpacitaace, threir semsiuivity rops
. at high modalatizs frequeacy. Figure 101 isdicates that, at a a.éa.h;.iu- Irméu:y
.A___nl 10.000 cps, tke seasitivity decreases to 0% of the saxizwm.
i}: The photocazreat aad eaf arisiag uzder irrediatioa are highly teageratare-
© “depesdeat. The teperatzre coefficiest of the photocarrent ia the external cizemit

i the tesperature iaterval fron Ty te Ty is Jetervised Ly tha formula =~ - -
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) ) i‘uxt‘lu‘{rc‘c aloue 0.5 to 1,35 1.
a= ;T’:Tr:—:—’_—r-,-; (163) 4 . The 7clt-azpere characteristics shown 1a lig. 104 ars takes at room tesperature
' (15°0), at 1llpaination of 9 aad 190 lux. At aa illumisatios of 30 lux, the cuive
_ vwhere i, = photocurrent at the temperature Ty;
i, * photocusrrent at the temperatuve T,.
The temperature coefficient in the interval from -20 to * 80°C fluctuates liom

-0.0086 ¢o0.-0.0016.

figure 102 shows the relation betwven the value of the short-circuit curzent of

a cuprous-oxide photocell and the applied voltage, for varicus temperatures.

The power output of ihi photocell to the exteraal

. ) . Fig.103 - Spectral Characteristic of a Fiz.104 - Volt-Xpere (haracteristics
circuit resches a caxinum when the resistance of the ] Silver-Sol fide Photocell (FESS) S FESS
a) Wavelenpth, 4; Seasitivity, X 9} a) Voltage, =v: k) Phors
- o aep
pkotocell. :

external circuit equals the internal resistance of the

To increase the power output, the surface of the of plotocmrreat verzza rclizze dicp ia i wviernsl ciremit is linear. Rith is-

ph 11 cas Le increase® The pover delivered ity a

creasiag illumination, this Jizeerity po longer bo'ds.

(‘, N . X cuprous oxids photocell ix equal to 2.9-3.03 u wate. T4 - The dependence of the photocurreat aad of tke plats-enf ce tie illminatios is
T Fig.102 - Relation of Shore- The main disadvantage of ide phot

Civcuit Current of Cuprous- # cuprous oxide yloto-

‘IIIDI'I Ly the curves given ia Fig.135. The maxizem value of the eaf (Carve 2) at
~ Oxide Photocell to Yoltage cells is their instability of operation, due to the

*- - a) Voltage, mv: b) Short-
- circuit Carrent, § asp

inconsiancy of the paramcters. o

: ; ; MAN
At present, cuprous-oxicde photo.:ells are rarely H

- agt A3 53 \
* - used and have been replaced by impzoved types in whick sulfur cospounds are used. ¢ b)

" Section 71. The Silver-Salfide Photerell {FESS) ] . ! }

. v ] |

Silver-sul fide photocells, developed by the Physics Institote of the Ukrainies . el tale b

-~ Academy of Sciences, use a layer of silver sulfide as the semicoaductor. . . )

- . y . . . ) 4 Fig.10S - Relatios bLetweea Photocurreat Fig.106 - Frequency Oharacteristic of
The integral sensitivity of silver-sulfide photocells, determined Ly meaas of " (Curve 1) or Photaelectromotive Ferce FESS

. R (CHIVﬁ 2) 2ad Illwinatiom, tor PESS

- " - 1 i i : © .

. 5000 it amp/lumen. The maxizum sencitivity is im the infrared regioa. p 2) Iloainatica, .1u. k) Phoce- .

curreat, u axp; c) Photeclectremotive

force, av
“maximum sensitivity at X * 1,0-1,1 i, aad that it is seasitive to rays of wave- ’ . °

Zan incandescent electric laep with a filanent tenperature of 2400°K, equals 2000- 2) Yodalatios fregeeacy, cps; L) Seasi-
tivity, X

— The spectral characteristics given in Fig.103 shos that the photocell has its

3zd aa illuainstion of 1000 lax is 250 mv. The

photacerreny _ _ STAT

151
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the gradaal isprovexent ia the formati

(Cun; i) ilﬁdlin:cv.lry'pr'nportiun-l to li.: illusination and 1eaches 600 u amp at

of the Elrrié—r.]nycr.
1000 lux. The internal resistance of photocells having an ares of 2 ca? varies frow

" Section 72. The Thallivn-Sulfide Photoceil™ ~
1003 ta 6000 obms. . i Thallica-sul fide photocells were first developed 12 1932 by the Scviet physicist
The frequency characteristic given in Fig.106 chows the relation of the scasi- - B.T.holoa1yts under the directicn of Acadezician A.F.loffe. The design ~f the photo-

tivity of FESS to the frequency. The diagrem shoss that the sensitivity of the pho- Iy

i tocells decreases, from alout 1000 cps. It

B is suggested to use such photocells at fre-
!
T~ |.ZU queacies not exceeding 4000 cps, since the
2 ;e
= 2
! 1 lati £ ch 4 phe © - Fig.i03 - Spectral (haracteristics of
40 -20.. aa)'z’ ] 50 -e relation of photocurrent and pha- — Fadistion of a Scurce at T = 2870tk

N

sensitivity is less than 60% of maxinus at

FOSPRFEN

higher modulation fregueacies.

Fig.109 < Cesign of a Thallium Scifide
Photccell:

- time. The photocurrent rises considarably during the first two months of operatioa

Fig. 107 - BRelation of Photocurreat
{Curve 1) and Photoelectromotive
Force (Curve 2) to Temperature,

for FESS
a) Temperature, °C; b) Photocurreat,
azp % 10°5; c) Photo emf, mv

~ siderably.

toelectrozotive force to the texperature
is shown in Fig.107. The photocell oper-
ates por=ally 2t a tesperature from -30 to

+ 40°C. Outside this temperature range,

the photocurrent and emf decrease coa-

z The power given off Ly the pbotocell to the exteraal circuit will reah a maxi-

' ..mum as soon as the spectral characteristic of the radiation source correspords to

.-- the spectral characteristic of the photocell. Figure 108 gives the sprctral char-

t:_acteristics of an incanaescent leep at a filasent tesperature of 2370°'K (Curve 1)

. T and of the photocell (Curve 2). The areas of these curves are superizposed oa ocae

" another over part of tke range (hatched ia the diagrsm), making the pbotocell use-

. _ ful aa an indicator of luminous flux if the radiator is an incandesceat lamp.

The efficiencies of a silver-salfide photocell (cf.eq.162) as a function of the

" illuxination are givea in Table 32.

The photocurrent and the efficiency of salver-sulfide photocelis increase sith

and the emf increases most in the 5tR to 6th month,

This increasc is explained by

) -‘-—cell is schematicslly shown ia Fig.109.

. tellerius.

(Curve 1) and of aa FESS Hhotccell
{Carre 2)

a) Ravelength, u; b) Seasitivity of

Phovucel) % <} Isscasity of redia-

tioa ia relativ: units

a- Base; t- Semiconductor; c- Barner

To construct such a photocell, a semiconductor (L) is vapor-deposited oa the

" iroa plate or base (a); the cooductor consisis of & mixtare of thalliom sulfide asd

Table 32

Efficiency cf Silver-Selfide Photecells

Ilewization, ]
Iz

R 100

Efficiency, % 0.034

0.2 034 .38

To nbtain a phowczeasitive layor, the conductor swst Le oxidized. On

. 7 the cxidized fila {representiag the barrier layer <), the apper sewiconductor gold

-
£
:

'_i' — electrode (d) is deposited by cathode sputteriag sad is thea costed with varmish te

- protect it from soisture. The photucell is placed 1a o tehe filled with hydroges at

L wpressure of ey 1o 400 wm Hg, shich helps to prolong the life of the photscell.
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:el-d Ly the ele:tmde; (i) :'—'fhe’ ;ri:l‘;l’e‘:’t:‘ode'-?:) x—l placed on the awrface of the N

T The i;;(egral ‘senaiti:i‘t:; of -:‘;lll;n;-mlllde p:.om::l‘l‘:vr:u. oa Vl)—:‘:-a.ve:lg; u-p
" _ to 4000-6000 1 smp/lm at 2800°K color temperature of the radistor. . : crystal. The upper part of the Lody is gravided with & window {5) of an cptiesl

The sgpectral characturistic (Fig.110) covers a rather wide range of wavelengths,

" _ which is about the same as the characteristic of a thallofide photoresistor. The

%00 v

Fig.112 - Frequency (baracteristic of a Thallim-Salfide Photocell
2) Yodulation frequeacy, cps; L) Sensitivity, %

i

|
]i

- material transpareat to imfrared rays.

i
i

07 430 S0 831 it N
8) N The surface of tke galena is ground and polished. On the polished sarface,

The tecknology of manufacture for such photocells is about as follows:

Fig.110 - Spectral Characteriatic of a Fig. 111 - Relation of Photocasreat . first heated im vacuoo, a layer of lead is depos:ted (iy eveporation) and a mclvbdenum
Thaliium-Salfide Phaoroceil {Cirvz 1) and Photoelectromotive

a) %avelength, u; b) Sensitivity, % Force (Curve 2) to Illdsinatioa,
R : for a Thallina-Salfide Photocell

a) Illezinatioa, lux; b) Photo-

1

curreat, 4 axp; c) Photo-emf, av

N

. ~~maximum sensitivity is in the region of about 1 i, aad the long-wave bousdary

RN

reaches 1.3 u.

o

The photccurreat and photo-emnf arze plott:d in Fig.111 as a functioa of the il-

'j lumination. The curves are similar to the corresponding curves of other barrier-

B layer photocells.

I =y
- The frequency, characteristic of the photocell is shown in Fig.112. At a fre- Fig.113 - Design of  Galeaa Photocell:
1+ Bady; 2- Elscirode; 3- Galema crystal;
4- Lrid electrode; S- Wiadow

- quency of 5000 cps, the sensitivity is about 80% of the maximum frequeacy of the

*  photocell (the sensitivity ar a frequency of 50 cps being takec as 100%).

NN

( -+ Section 73. The Gal_en‘n Pho ‘or tungsten grid (electrode) is pressed imto it. A second elecirode serves as tke

Il

=11
- — * base to which the galena is attached. The photocell is them reheated, askiag it
s- . . Figure 113 scheaatically shows the design of a photocell with a natural crystal -

R N L sensitive to a radiant flux, which produces & photocerzest ie it, directed from the.
of galenite (lead glance). In the body (1) of the photacell, the crystal (3) is -

P .- crystal to the grid. To eliminate the influeace cf tke atzosphere, the pbotocell is

158
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~‘placed j-, N czsing, !ithinh;ﬁi—c{ l‘\:-:u-: of ataut -2 ;-H,-, ;r_aéx:;té. -
The sp al characteristic of this photocell is analogous o the characteristic

‘of a lead-sulfide photoresister. It has a ==ooth region of rice and reaches a maxi-

e

Lol ws‘.ﬁﬁi

Fig.114 - Cependence of Phoincnrn‘mt ;n .the ll.l-minnion for
a Gale 5 Photocell
a) Tilusinatica, lux; b) Photocurreat, u asp

_ oum at A = 2.5 4, after whicn it drups rather sharply.

Figure 114 shows the relation bLetween photocurreat and illumination, at vari-
© -- ous cxternal lead:z (0.1; i, 19, 100 Dhll); This relaticn is nonlinear, tecoming
& _.- alwost linear at low illumination or veiy low externzl load (close to 1ero).

The froquency characteristic of galeas photocells shows that, within a wide
3~i1r2qﬂucy range from 300 to 40,000 cps, these photocells are 'prlct.icllly inertia-
3'—tlelx. /

" Section T4._Comparison of Parameters of Various Photocells Sensitive to

* Infrared Rays f
Table 33 gives the principal parameters of varicus photocells. By cospariag

~- these parzzeters, the follo'ing/conclmicna may Le drasu:

The internal resistance of the photoresistors reaches 10¢ okms and more, aad

- that of emissive photocells, 10! ohms. Photoceils are therefore useful for sepli-
= fying circuits.
The group of barrier-layer (Llocking-layer) photocells has a szaller interasl

. remistance than the first twe grovps (107-103 obms),

50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6

A cparison of the !;;;m 7lenti—t:i~v.ity udv lonp:nv;

various phe-

. tocells shoes that photoresistors have thoir naxisex seasitivity and sensitivity

)

3

P ! /
et L 1 :
E= 7 PR

Fig.11S - Efficiency of Varicus Photocells:
1- Selensiua; 2- Thallofide; 3- Load sulfide;

a) Black-tody tesperature, *K; F) Efficiescy, %

threshold in a longer-=e2ve portion of the spectrum tham the other phbotocells.

- The sensitivity threshold of photocells ranges from 10°¢ to 10°° lomes, or

1077 to 1071% wart, at 2400°K cclor tesperature cf the radiator. The =sxinna sez2i-
tivity tareshold is exhibited by lead-sslfide photoresistors. shose scasitivity is

- akout 5 times as great as that of the thallofide photoresistors.

¥ith respect to inertia, the esissive photocells have the advantage, siace they

T have the smallest inertia (atout 10°? sec for vacuem photocells of this tyre). The
sluggishness of photcresistors is uf the order of 10”4 see.
Fijure 115 gives curves indicatiny the variation ia the efficiency of various

photocells with any variation ia the tezperatare of the radiator (black-tody). Pho-

. ~tocells sensitive to the )onger-wave portinm of the spectrum have the highest ef-
" licieacy (efTable 33). b
; = Figare 11§ gives the carve of threshold sensitivity for a few ptolelcelh at
:J'A _various teaperatures cf the radiatioa somsce. At tesperatures of a few thousasd”

1043R002800190001-6
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depteu, the threshold s.

., the ph(‘uo-’ !

ery high, i

easitivity varies little and is ve

Threzhold Seasitivity of a Fes Ptotocells

va; 2- Thalliva salfide: 3- Lead sulfide
tody tezperature, *K: b) Threshold sessi-

is are sensitive to a very small radiaat flax (as low as 2 % 10°? watt). Witk

cel

Fig.115 -
1- Seleni
a) Black-

tivity, watt; c) Eye

cecreasing temperat=cz, teginning at 3000-2000°K, the thkreghold seasitivity drops

sharply: The photoceils becose seasitive only to high values of the radiast flux.

B .

= ENR
o Pt T VR
TR W A N SR T RS S L A _AM e *

comparison, the curve of threstold scesitivity of the cye is given ia Fig.116.
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CHAPTER VIII

A FE% TYPES OF SFLECTIVE INDICATOHS OF INFHAKEL BAYS

Section 75. Electron Wltipliers

In 1934 the Soviet scieatist L.A.Kubetskiy proposed the construction of a nce
type of photocell, the electron multiplier, or multistage sccondary-electron aspli-

fier.

This instruzent combines the conversion of the energy of a radiant flux into

photocurrent and the auplification of that photocurrent. The photnsffect of 22 ir-

radiated coated oxygen-cesinm phctocathude is used for the cooversion of rudiant ea-
ergy into electric energy, while the secondary electronic emission is used for sapli-

" fication of the phetocurreat.
- The phescmenun of secondary emission consists in the liberation of secondary

electrons from the surface of a body undar the impact of electrons of sufficient ea-

ergy. The nuaber of such secondary elcctroas (N;) may be several tixes as gieat as

““— the number of primary electrons (N;). The ratio

is called the coefficient of secondary emiasioa.
Bodies having the smallest work function of the primacy electrons, for exsaple
" cesium and its compounds, possess the greatest seccadary emissioa. Electron multi-
_"pliers use multiple asplification of the secondary electroa current, which succes-
) nively increases through a few atages of the iasiruseat. -

Figure 117 shows a schematic disgrsa of the electroa multiplier. The multi-

(:\

o
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- plier coasists of the photocathode h, several electrodes §;, $,...5; vith secondary

- exission, and the anode (collector) A. The electrodes S;...S; are supplied with

: successively increasing potentials.

The radient flux falling on th3

photocathode K, lilarates prizary clec-
trons shick, under the action of the ac-

celezating field, ispinge on the primary

electrode Sy and “dislodge® secoadary

electrons frox it. Fach primsry elec-

tron “dislodges™ & few secondary elec-
Fig.117 - Schezatic [iagrzm of Electric
Waltaplirr:
K- Photocathode; A- Anode; S$;-7- Elsc-
trodes;
a) radiant flux

tronz (average 3 to 10, depending on the
cseffizieat of secocdary exission). The
electrons esceping froc the electrodes S,

1zpioge oo the following electreds 5,

- and there “dislodge” a still larger nauber of secvndary electross. The repetitioa

of this process in each paiz of electrades creates, in the circuit of the acode A,

-a current willions of iimes hizler thaa the prisary pkotocarreat.

The sazmitude ~{ the photccurreat T at the awltiplier outpat is Gztermined by

the equatioa

=710 (155)

““—where 1, = prisary electron curreat fram the photocathode surface;

. 0 = coefficieat of secondary ewizsion of the electrodes;

-

: " concentrated 1a sach a way that, if possible, all electrons leaving the precediag

a = number of electrodes.

To obtain waximum yield under multiple scplification, the elsctrons must be

- T electrode strike the folloviag one. This is done Ly xeans of electrostatic or elec-

Sov

- _—— tromagnetic focusing. Scvier scicntists have developed varicus designs of electros

;. multipliers (Bibl.11). )
LT The special feature of the electron sultiplier desiza, developed by

161
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: . layers on the inner surface of a glass tule, The asygen-cesium photocathode ia like-
Tvice dejosited on the surface of ths tshe. To accelerate the electrons and focus

_the electron tes=s, voltage is izposed on the electrudes frca variol.\.l-poi;u of a
“potentiometer fed ty a voltage source.

A schematic diagram of the electron suitiplier vith electrostatic jocasing

(Bit1.12), designed Ly S.A.Vekshinskiy, is shown in Fig.113 a. The glass tche con-

A

Fig.i18 - Electron Multiplier Cesigned by’ S.A.Vekshinskiy
a- Principle of cperation; b- Construction of plate;
c- General view;
a) Light; b) Asode; c) Cathode

Fis. 120 - Schenatic Diagrsa of a*"Grid-Coctrollaace®
A- Photocathode; [;,...D) - Ciaphrages; A- Asode

tains sets] plates with slits ia louver form (Fig.113,}).

The plates are coated
_ with cesirn and are arranged paraliel to one anotker.

The poteatial differeace be-

wzen any adjaceat paiv of plates is equal to 200 wlts. The iacreasing electroa

. i flux penetrates successively throogh the openings in the platex, until it reacies

- the last plate (anode) which has no opesiag.
™

Y2 sensitivity of the sultiplier is 6-8 amp/Im at 10-12 stages of amplifica-

Figure 119 shows the schewe of the electroa xnltiplier designed by Profes-
sor P.V.Tizofeyer (Bibl.12).

The electrodes of the multiplier S;...S; are arranged ia chechertoard desigm.
In front of each electrode is a zetal grid connacted with the next electrode. The
~ electrons leaving the electroda enter the acceleratiag fieid produced by the grid.
< e - - ‘& _The rotential of each gri¢ is 150 volts higher thaa tkat of Lie preceldiag cae. Ta
1 - Hecen Maltiglics Dt by .. Tomtore e Tivotper i
a) Light

N

s

7lici the electrons zhow little scatteriag, dwe to the high ac-

Tc_eler-ling field, thus eaanrizg high velucs for the azplificatioa factor.

153.
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Figure 120 -chn-tical‘i; shows the :r';mmz;\t- 5}_;7';1:“::5:1;1-‘0{1_;':;' sl
:":plier (with grids). Inside the tube, grid metal electrodes (1,2,3...12) zre srrangcd
= in succeszion.

Fach successiv. xiid hias ¢ higher petential chan the preceding one.

The photoelections escoping from the phs-

tocathode K, under the action of the ra-

diant flux ¢, impinge on the grid (1), dis-

lodge

dary electrons there, ead are

attracted w the grid (2) under the actioa

of the electric field produced by this
£y
4

0} grid.
l ~

volume as it passes each grid, is col-

The electron streax, increasing ia

lected on the anode AS
¥ig.121 - Scheme of Dynamic Elcctron
Multiplier with Longitudinal Magnetic
Field:
K; #nd K, - Cathode; A- Acode cylinder;
M- Electromagnrtic coil

The angular diaphragas C;...D;;, lo-
cated betwezn the grids, are used to focus

the electron stream. The zlectrostatic

fields produced Ly the diaphrages play the
part of electronic lenses, focusing the electroa Leam.

Figure 121 shows a schematic diagram of the dynamic electron multiplier with
_longitudinal magnetic ticld. The high-frequency alternating field, of frequeacy up
“—_bo 10® cycles, produced by the power supply system, acts oa the catbodes Ky and K,.

T_Dei cen the cathodes, a cylindricai anode {collector) 1s irstalled.

The coil M, fed
_with direct current, produces a longitudinal focusing magnetic field. Tte asode is
“¥—supplied with a positive potential from an auxiliary Lactery; the negative pole of
":the battery and the center point of the cachodes are grounded. The electrons leav-
« "ing the cathode K; in the directioa uf the anode, do not strike this cathode.lbe~

. —cause of the fucusing action of the magnetic field of the coil. ., Teach ine op~
+ “pesite cathode K, if the electric parameters are such that the electrons are able to

5 [ traverse the distance between the cathodes during the tize of one half-period of the
. “_high frequency. During this time, the di-action of the hish-frequency field does

5,:"?!._ change, 30 that the electrons remain under the action of an accelerating field.

- [} »ruching the opposite cathode K;, they detach secondary electrona from it; these

S A e S CPETES tvee

¢..

1 csthodes must 5ot exceed 6 cu.

- T the space charges formed.

5 Tis istrodnced ia it.

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800180001-6

e T o

- e gty S b PAR Tt AR IT I e A | T 0 e sy e

. ;:c.ond-_ryﬁ;l-ecuonl. under -Lhc_ ;e’t;;;f:‘h‘e fu_ld n’l;:_c—l\-;ng:d n—p -(_l.he f;:l-l-o:iug
:ﬁhll!-pcnod)..tnnl ia the cpposite dircctica aad, striking the cathode A, dislodge

secondary electrons there, shich again travel toward the cathede by, and 50 on. fhen

_the nuster of electrons increases to a certain value, soze of the secondary electroas

) _Legin to impinge on the arode, producing an increasing current in the amplifier cir-
“euit.
Ia order to obtaia an asplification factor > 1, & high-frequency voltage of

the order of 0 v can be izcposed on the cathodes. Since the transit tiae of the

12 LEX ]

[ 228

:‘l #
i.V\R‘I

T

¥ a) 7]

F7

T }ig.122 - helation of Output Carrase a=d  Fig.123 - Relation of Aeplificstion

\oitage under Secondary Electroa ” Cegree to Nombter of Stages n and wo
fmission Value of the Applied Yoltage

a) Voltsge, v; b} Output curreat, mn a) Yoltaze, v; b) Cegree of azpli-.

ficatioa

electrons at a frequency of 10% cycles is aloat 10-% sec, the distance Letweea the
The limit of rise of tbe current is deterzianed by
f

The dynesic electron zuitapiier, accerding to its schematic diagram, is a pho-

' .
- welectronic anplifier of current, tat it may als=s be used as a mmltiplier, if a

~ photoelectric cattode, pioduciae primary electrcza shea streck by a radizat flax,

I

Electron multipliers are evaluated Ly the swme basic characteristics as photo-
|

The threshold ;e;xsi!ivity of wodera electron zultipliers 1s determined Ly the

165
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‘level of inherent noise, In practice a multiplier reacts to a very insignificant ra-

it [lux, which is one of its principsl advantages. for exraple, an eight-stage

0’

0"
10"
i
16"

107

Q0 07 1 13 K0 10d

LAV
0

e g 0
tig. 124 - Lusinous Characteristics of Three-Stage Electron Multipliers

a- helation of output current and illu=ination; b-
current and radiant flux

a) Illumination, lux; b) Qutput current, sp; c) hadiant flux, lumea

Helation of output

multiplier has a threshold seasitivity of akout 15 x 10°7 aep/lm. The integral sea-
~.‘:itivir_y of a fifteen-stage msitiplier 1s as high as 10 axp/lm.

Figure 122 gives curves relating the output curreat to the applied voltage for

Ta low-voltage wultiplier, designed Ly P.V.Ticofeyev.

Curve I is tekei at a flux of
“F=5%10°% la, and Curve 2 at F = 1.4 x 10" Im.

The diagram indicates that the
-..current rises up to a voltage of 50 v but, oa further increase in voltage decreases
T slighely.

The degree of amplification, as a function of the number of stages n and of the
© applied voltage, is illustrated by che curves in Fig.123. At fifteen stages, the
-:‘ degree of saplificaticn reaches 10°.

The spectral characteristics of electron multipliers are determined by the type

" of photocathode and do not differ from the characteristics of erissive photocells

) " which have the same type of photocatbode.

_ The ! -inous characteristics of the three-stage electron m:ltiplier givea ia
F1g.124 show that, at a small nusber of stages, the ampiification of the photocur-

B Tent is proportional to the illumination or to the luainous flux.

In sultistage slectron multipliers, the photocurrent in the final itages

reaches high values and the space chazges formed affect the focusing adversely. This

L pwranas AR o ST AL IRIN hdnea sy L,

-t

2
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disturts the strict proportionality Letseen -plx;lo-cun‘e»nt"l‘;d—i-i];nin;li;u“ at
_ flux). _

Figure 125 gives the frequency characteristic showing the dependence of the phoe

_tocv.rrul. in relative units, on the zodulation freaquency of the incident radiant-

7]

§ 1 203050 19295
a)

=3 Hma) £
- Fig. 125 - Frequeacy Characteristic of
. Electroa Multipliers

2} dodulation frequeacy, segacycles;

t) Photocurreat, %

Fig.126 - Noize Voltzge of Electron
- Multiplier
a) Applied voltage, v; L) Noise

voltage, u aap

]

RN

flux. Tre diaaraa shoes that the characteristic is linear over the segreat of

1.1 =egacycles. At higher frequencies, 2 smooth declisme bagins, whick teccmes

:._ 3teep alove 50 megacycles.

- Like emission phototntes, electron =anltipliers show ro peiceptille temparature

) -—dependesce ia the interval from -40 o + 50°C.

At tesperatures above ¢ 56°C, the
1
-- photocathode Legins to disintegrate.

The stability of operaticn of electroa raltipliers depeads fl geaeral oa the

_quthly of the electrodes emitting .he secondary electrons.

Ia tvime, the electrodes
“age®, evea when cperating uader normal load (about 0.5 vatts/cm?).

The *““agiag®

© it B e oo e ¢ A

2 I ahows is a decrease of the secondary emissioa factor. For exmmple, the seasitivity

— of a fifteen-stage eultiplier (alout 10 aap/In) Grops Ly about 20%, after 2000 hours

oY operatioa. T " N -

<.

R

STAT

o Gt wor e
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Electron multipliers have an insignificant noise curreat (Fig. 126). For ax-

* axple, at a feed voltage of 1800 v, the noise voltage slightly 2xceeds 10 u axp. The
noise in a multiplier is classified, accozding to origin, into noise proguced in the

" _photocathode, noises due to the influence of secondsry emission, and noises of lh:

“output load.
A O

Section 76. Luminophores, Sensitive to Inf{rared have

Under the action of radiant enerzy, many substances begin to radiste visible

light therselves. This phenomenon is called photoluninescence. 1f the lurinescence

1”0 is intesrupted izmediately after stoppage of irradie-

tion, the phenomenon is called fluorescence; if, after

stoppage of irradiation, the luminescence persists for

[}
y.

a certain time, it is called phesphorescence.

Lusinescent substances are called luminophores.

The bases for luamiroplores are inorgsnic sub-

Fig-127 - Belation of Lusi- stances, such as the sulfidez of alkali metals. On
~ nous Discharge (1) and
* _. CQuenching (2) to the Rave-
. — length, for the Lumin-
"= ophore CaSR:
T a) Wavclength, u; b) Senai-
tivity in relative units

additicon of certain metals, or activators, these sub-
stances phosphoresce under irradiation. Tre principal

substances and metals (activators) are usnally indi-

cated in the designation of a luminophore. For ex-
ample, CaSBi indicates a leainophore of calciua sul-

fide, with bisouth as activater.

Luminophores are excited only under irrsdiation by a shert-vave luminous flux,
: for example zamza rays, X-rays, and ultraviolet rays, visible light, and near im-
frared rays, and luminophores can be excited oaly by the radizat energy they aksorb.

The process of excitation of a luminophore under the action of radiant ene:;y

" tokes place within the atoxs or molecules of the substaace, without the occurrence
of electronic emission. Aa electron of the luminophore leaves the ceater of exci-

_ tation, shich l;fu\:iats of & complex of molecules of the principal substance coa-

taining the atoms of the activator, and retums to it after a certain interval of

Declassified in Part - Sanitized Co roved for Release

.
f et e e e T S WETESCYTERCAY T LT

m

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800180001-6

AT ———

s e rem—  © Amt bR o et A g e w St o

0. .- - — e e
-‘time, sowetizes measured ia tens of hours. Whea the electroa returas mxuprb

_ vicus energy levzl, part of the encrgy received iy the electron is radisted in the

form of radiant energy. Thus luninescence is characterized 1y an azcsmulation of

__energy in the luwanophore during the period of transition of the electreas to higher

energy levels. This accunulated energy is catled the light sem.

fit los temperatures, a luminophor dCoes not radiate, and the light suw rexaias

constant. Pith increasing temperature, the light sua Jecreases, i.e., radiation Le-

Kas.
Under the action of infrared rays, tso phenozena xay occur is lumzpophores:

accel erated luxinesceace cr flare-up and queaching of lusinesceace. Accelarated

: ’_‘_luu'nesctnce is accelerated radiastion of the light sum accuxalated Ly the iuminc-
pbore, shile cuenchicg is the interruptico cf lusinesceace.

ok

According to resssrch done by Academician S.1.Vavileow, sccclerated luminesceace

is dus o

st

Leating of the excited centers of lumizescesce iy the esergy of tke
quaata of infrered rays absorted, thtus eacouraging the resurn of the electrons to
- their forzer encxgy levels and, coasaqueatly, also eaconragizz radiation. The re-

- duction in tkz light flux of a luminopbore tas two forxs: accelerated luminesceace,

- whea the accusulated light sum, under the action of long-save radiation, is rapidly

.rnd.iuzd in the form of luminous flax; aud queaching, im whick part of the light sem

is _.apsfor=ed into heat and camnot le radiated.

Ia this case, queackiog asd ac-

‘t—celerated lumirescen e occur sisultameoualy.

The incideat radiast flax in absorbed by a lemicophore; the abscrptioa Laads

due to quenching exist coly im an excited lumisophore, and the degree of asbsorbing

* . is proportional to the degree of excitatiom.
The process of quenchieg is expleised Ly the drop in the emissivity of lusizo-

*  phores at tesperatures alove 200°C; this emissivity is completely lost at a tewpera-

= tore of 530°C. For this reazon, if the teaperstare of a lmimopbore does oot rise

° . above 200°C ia the process of absorbisy » queatza of long-wave rays, ealy accelersted

. luninescence tzhos place; bowever, if the tespersture exceeds 500°C, the accelersted
’ STAT
158,
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- lu-inc';cence- stops «nd only quenching takes place.
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In the tempersture range from 200 to 500°C, simultanecus accelerated phosphor-

escence and guenching are possible. The ratio of accelerarted lumineacence to quench-

ing, for a given lurinophore, is determined by the wavelength of the luminous flux

5

I 7

[Smen
g} g

incident on it. Figure 127 gives the curves of
the wavelength-dependence of accelerated lumi-
aescence (Curve 1) and quenching (Cuxve 2) for
the luninophore CaSHi.

The diagram shows that guenching and ac-
celerated luminescence occur not only under the

action of infrared rays but also under the action

Fig.128 - Principle of Construc- of visible and ultraviolet rays of the spectrua,

tion of an Ele~tron-Opti
Transducer
a) Fluorescent screez aa

cal

oda;

in which czse visible rays queach luzinesceace

much wore thsn do infrered rays. Consequaatly,

b) Semitransparent photocuthode: the action of the short-wave radiation induces
¢) Electrrons; d) Infrared rays; '

e) Infrarcd image; f) Electron

imnge; g) Visible image;
h) Visible rays

excitation end quenching at the smae time.
In its relative value, accelerated leai-

nescence due to infrared rays predominates over

: the quenching by rays of shorter wavelengths. The rotio Letween accelerated lumi-

neecence and quenching depends on the temperature of thz luminoplore. At low temp-

——eratures, the acc lerated luainescence ia wore pronounced. while at high texpera-

tures quenching is predominant.
' i
Infrared rays longer than 1.2 u# produce only acceleiated luminescence since

their energy is insufficient to heat the luminophore to tamperatures above 200°C,

at which wezkening of its emissivity begins.

- Z The substances which can vield the greatest effect in the infrared regioa sre

- the sulfides, selenides, and tellurides cf cadmiva and of certain other metala.

Tays.

Luminophores sensitive to infrared rays may zcrve as indicators of imfrared
\

[ — - [
"Sectioa 77. Electron-Opticsl Traasducers

v 23 AN e Tt A e

‘The ueval photoelectric instruzents that'pick up radiant energy, transform it

into electric enerpy, or change their ows conductivizy. In soxe cases, the radiaat

" energy of soce portion of the spectrum must bLe converted into the exergy of another

portion, e.g., vltraviolet or infrored rays are converted into visible rays. For

this purpose the so-called electron-optical tranaducers wsy be used.

Figure 128 illustrates the principle of construction of the electmn-opticsl

transducer. The tranaducer cocsists of
cozted with a finorescent substance aad =srrisg aa th: unoda.

falling on the photocathode, induce the emission of electrons.

a semitransparent photgc:d&odg and screea
The iafrared rays,

These electrons ac-

celerate their sotion in the electric field produced betse

t=éca the cathode and aacde

a#nd, by Lombarding the anode, csuse it to glos. Ia this way the infrared rays
_Tstrikieg the caothode are convesrted into visikle radiatios of the acreea.
Taz intzasity ¢f luminescence of the fluorescent screea depeads oa the inteasity

s of the flux and the velocities of the electrons Loobarding the screes. For this
s

reuson, the iateasely irradiaied areas of ths photocathods cause a Lright lumines-

' ceace oa ihe screea, while the less intensely irradiated regions prodace a weaker

. —lumipescesce. Thas, by projecting oo the cathode an image of aa object in imfrared

. ~rays, a visible image of this object is obtained oa the screea. The iasge will Le

.. ~cadistorted if the distrilution of the electron fluxds pmdaced by various parts of -

- the photocathode (the electron image), is not distorted along its path from the pbo-

- tocathode screea.

1

- Sprcial electron-optical focusing systems are used for focusing the electron

- besms betweea the phatocathods 2ad the screea. According to the type of sach sys-

tems, tranaducers are subdivided iato the following grezpa:

L
gronps with uniform distritution of the electric field betweea the ghota-
) .

catbode aad the screea;

groups with electroatatic Ioasivu:
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groups with ngne'.;_fn_mlin!;

groups with cosbined elestrostatic a d magnetic focusing.

The method of focusing by means of a uniform electric fizld, similar to the

.
_ficid of a plone copacitor, is the simplest but requires the distance tetween pho-

tocathode and screen to be small. With such focusing, an erect imege is oltained on

the screen. .

The electrons emitted by the irradiated points of the photocathode move tcwsrd

the anode screen in parabolic paths, Impinging on the screen, they yisld an image

_ no longer in point form, lLut in the forw cf a certain circle of confusion. If the

" electric field is sufficient]y strong, the diffusion is so slight that the image is

:nill distinct. However, close spacing of the clectrodes and the-intensification of

© Tthe field between thew is limited by the difficulty of manufacturiag a uniform

A

“cathode, by the incressed photoemission from the cathode under the action nf the
T light radiated Ly the screen, and also by the xntensified luminous bLackground of the

" screen, produced by the increase in the autoelectronic and dark emissions of the

.'__'cuzhnde‘ .

~;vit.h apertures {electrodes).

““tronic, or electrostatic, lenser.

An electrosiatic systew of focusing electron bLeams consists of metal diaphragms

The electrostatic fields produced Letween the elzc-

T trodes, due to their potential difference, have the same cffect on the electroa

“beams as glass lenses have on light rays. Such electrostatic fields are cziled elec-

A focusing system of ¢lectrostatic lenses has several advantages over the for-

" mer type of focusing system: possibility of turning the image, which makes optical

"_tarning of the systew unnecessary; better quality of the image; and possibility of

_.usirg nore powerful electric fields for accelerating the mction of the electrons.

- Magnetic focusing ie aff

cted by means of magnetic fields ("magaztic leases”),

* The dark emiszion is caused by the unirradiated photocathode being struck by
long-wavs infs-

ared radiation, aue to the temperature of che medium surroundisg
the transducar,
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. used in electron zicrsscopes. - -

To obtain zaximum effectiveness of transducticn, the fluoresceat screen cust

&

Pu—
i
SI—

e S
i
@\ES )
+ N/

©7 Fig.129 - Helation Letween Asplification Fig.130 - Electron-Optical Transducer
Factor and Accelerating Potential of the Contact Type

S Acceleratiog poteatial, kv; b) Awpli- 1) Semitranspirsit photocathode;

- fication fsctar bj Fivorescent screen asode; c) Casing

meet the following basic requireseants:

it must be a highly efficient transducer of electronic energy into visible
radiation and =ust have a spectral cozposition correcsponding wo the spectral
seasitivity of the eye;
it must have a fine-grained structure, permitting z high resolviag power;
it xast have negligible sluggishness and high luminous efficieacy.

The irradiation sources of the photocathode generally have broad radiatioam

:spectn: therefore the radiant flux is passed through a special infrared filter to

:cut off the visible aad ultraviolet rays.

The electron-optical transdacer is able not only to transfors invisible radia-

— tion into visible Lut also to increase the brightsess of the image obtained on the

—~ screen. The intensification of the brightaess of the image oa the screea cf the
o= btransds

cor, rclative to the trigntaess oa the photocathode is characterized by the

;_;nx_cll;on factor. Despite the low efficiency of the photocathode and the

13

»V';r;duénl Ly iunuent r.:g:teu or—el’:;L-m'up:e.t;."“.S,t;ul"o_f--t‘h.{t.Lypc are ;;d'eir :

lemmir S e

i gty S
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‘iuf;re;ce;xt screen, saplification ;.t,ill'-:sc;:urs. .b-'e::;nﬂl.e of Iﬂ“e?u?g?-?qﬁ?ai'l&?{
’ Nelectmnn during their . vel in the electric field Letween the anode and phota-
’ "uthcde, Figure 129 gives the curve of the r‘cln:ian between the amplificaticn face-
~ tar ang the accelerating potential {the potential Letween the anode and photocathode).

Figure 120 shows one of the first designs of an electron-optical transducer. The

c\) {/d)
/gﬁ 9

-
<7

N Fig.131 - Electron-Optical Transducer
with Magnetic Foensing
": a) Body of transducer; b) Magnetic
focusing coil

Fig.132 - Electron-Optical Transducer wita
Solid Photocathode

a) Body; b) Photocathode; ¢} Lens; d) Ia-

frared rays; o) Focusing coil: fj Anode

(screen); g) Accelerating electrode

C - body of the transducer consists of a double-

vall glass jar with a flat double Lot~
" tom. Inside the body, a high vacuum of about 10-9

mn Hy is created.

The ‘oner sar-
~ face of the lottom of the inner rlass is coated with the translucent luyer of the
h

v :phor.outhode, shile the Lottom of the inner Jjar carries the fluorescent screea

:—(anudc). The constant voltage appliad between anode and cathode is 3-10 kv.

If the photocathoce is sensitive to iafrared rays (for instance, an oxygen~

) ._—‘cuiu- cathode), the electron-optical transducer will transfomm an invisible image
) into a visible one. il
- The sharpness of the image is increased and the resolving power of the instru-

A_nenl. is raised, in some designs, by magnetic focusing (Fig.131). Other designs use.
Al

— ® solid photocathode, irradiated from inside (Fig.
St

tivity of the instrument.

132), which increases the sensi-

A transducer with a solid photocathode ia addition to the
— magnetic focusing coil for accelerati
34

. 21&(:;!‘0_!!!":&(: field produced by a special accelerating electrode, - T

ng the motion of the electrons, also uses &
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. .Fig;xreA 133 a schesat.

ically shows an electron-optizal transducer with clee

- atatic focusing systess, consissing of several electrostatic lenses. bigure 133 1

Fig.133 - Electron-Optical Transducer with Focz
Several Electrostatic Leases:
a- Sche=stic arrmgement; b- Si3lificd optical analogy;
a) Photocathode; b) Izage of object in infrared rays; c) Elec-
trostatin lenses; d) Fluoresceat screea anode

sing System of

shows aw optical systea ~hose action oa light rays is anzlogous to the actior of an

c)\ /' L] <)

\i\ﬁ Y, ﬁ/
CE=HEES

)
-

Fig.134 - Two-Stage Electron-Optical Systemw with Semi -
tcanspareat Photocathodes
a) Photocathode; b) Screea of first traasdncer;
second traniducer

c) Screea of

Tn a cultistage electron-ontical system (Fig.134), “wo or more electron-optical

transducers are connected in series. The image obtained on the screea of the firag

.. transducer is transmitted to the photocathode of the following transducer,

ete. The

electrodes of all traasducers can be fed 1n perallel from a cowmon source.

tro-
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fication is used to increase the seasi- .

il (iccnionl’ll‘y, 5:‘cami;l:; elnu;t;onic-;;;l'

» tivity. In this case, the eiectrons emitted Ly the photocathode are first focused

“on an electrode yielding a secordary electron emission; the secondary electrons are
then directed onto a fluoresrent screen. 7The principal disadvanteges of systems

with secondary-electron amplification is the poor image quality and the complex dJe-

sign.

CHAPTER IX

NONSELECTIVE INLICATORS OF INFRABED hAYS

= Section 78. Types of Monselactive Indicators

.- YaZicators of radiant cacrgy iz <hich photoeffect and luminescence are utilized,
""  have sensitivity only in the short-wave portion of the infrared spectrum, up to
wavelengthe n7 5-7 =, Thev are, therefore, unspit=tle for measuring rediant energy

in the longer-wave portion of the infruzed spectiua.

B For this reason, so-called nonselective indicatsrs zre vaed ia practice. Their
seasitivity recains constast over a certaia, rather wide portion, of the spectrum.
~ Theswal indicators, based on the principle of transformation of the energy of ia-
el frazed rays into ther—al energy, may be used as such indicators for the infrared re-
i ”jp'on. To produce a thermal indicator witbozt selectivity, the surface of its sensi-

-tive elemeat xust have an absorption factor that ix constant for a given portion of

v N ¥ Attt 4 st

““—the spectrum. Platinna black, carlon black, aud other substances with a high coef-

‘ - ficient of akbsorption for infrared rays, are generally used zs coatings for the

sensitive elements of thermal indicators.

The following types of therwal indicctora are used in practice: thermocouples,

- tolometers, thermistors, optico-acoustic and pneusstic indicators, radiowzters, aad

© -microradiometers. Since the principle of operation of x mumber of therwoindicators

- i3 bused on utilization of therwoelectric phenomenr, we will first review the funda-

o i i mmtma bt oy S it

weatal. lavs of therroelectricity.

H
STAT,

1

Mg

R T DRI
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o Therm Aoctricit o e o T electromotive force of a givea thermocouple, corresponding to any temperatures of
[ ermoelectricity

o

. the two junctions, will not change if a series of other metals, at the sase tempera-
i i i als or alloys is heated, a themmcelectro- . ] ) )

° Yhen a junction of e different et Y ' ’ ture as any junction, nre inserted between

motive force (temf) is picduced. In a closed circuit, consisting of two different

. the slezents of that junction.

- i t temperatures of the junctions r“—( } . ) )

) metals or alloys coupled to each other, different temp . ! Figure 135 shows an extraely sisple
- i i i rreat in the circuit. The value f L. A R

C' T'cause a temf to arise which produres an electric currea 4 circuit for connecting an electrie

of the temf depends on the type of metals coupled and their temperature difference.

1 rl measuring instrument to a thermocouple. The

The electron theory of metals explains the formation of tenf by the veriation . connection of the lead wites to the thermo-

.. 'in the concentration of free electrons, due to the temperature difference: The elec-

couple does not change its teaf if the

- trons move from the more heated portions to the cooler portion. tesperature of the terninals of these

According to this theory, the value of the temf becowes Fig. 135 - Connection Diagram of Electric leads is the same. Usually lead wires are

Measuring Instrument to Thermocouple:

a- To the junction of the thercocouple;

" b- To one of the electrodes of the electric properties from the wires of the
thermocouple

« used, wshich differ little in their therwo-

e

£

Na .
In g (T -1y :

3 : therzocouple.
Ta - 2 Lo 1 to 1.38 x 10716 erg/deg; .

where K = Boltzaan consiznt, equal to . The direction of current in a thermocouple depends on the combination of its
e = charge of an electron; i (‘)

! s - materials. For example, in a thermccouple consisting of Lismuth (Bi) and antiaony
- \ £ free electrons in 1 cm® of the thermocouple material;

Na and Ng = nusber of froe <o (5b), when the jusction is heated, the thermocurrent flows fiom the biszuth to the

T, and T, = temperatures of the juactiens. -

s I T
At minor temperature differences between the junctions, it may be assuxed that - . r" v’;
s
. %

Ey ® a(Ty ~ TY) (167) ! «

~ where a = a coefficient characterizing the properties of the junction; Fig.136 - Direction of Currents ia the Therzocouple Bismuth-

T, and T, = temperatures of the junctions - Antizony at Various Temperatures of the Junctioas
1 2 . .

. In a circuit consisting of several different wetallic conductors, a teaf is -nntimny. In a clesed therwoccuple with two junctions (Fig.136), the thermocurzeat
) T created if the temperature of the junctioes differa. ¥hen the circuit is brokea, © Tlikewise flows from the biszuth to the antimony in the junction having the higher

" the tmf beccmes equal to the algebraic sux of the eaf of all the junctions. Two . - temperatmre.

— Yl B N =
- diffe. .t conductors, coupled together, form a thermocouple. () - Figure 136 a shows the direction of the curreat for the caze whea the tespera-

'
Connecting a new conductor in the circuit of a thermocouple does not changs ture Ty of the juncticn A is higher tham the tesperature T of the junction B; how-

,;in enf if the terminals of the conductor have the same temperature. The thermo- _ever, if the temperature of the junction B ia higher than that of the junctioa A

179
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(Fig.136 1), the cu-rent wall have the opposite direction.

Melting
Pownt,
<
1226-1280

All materials used for therwocouples oay Le arranged 1n & series au shich each

g1ven material is more positive thas the preceding one. It is customary to ccnsider

Gravaty,
/o

the material toward which the current flows 10 the heated junction a3 the nore posi-

Speui fre

tive materaal.

The thervoelectric series given below consists of pure metals, a few slloys, and

st 156°C
ot
0,105-0,18

Thermal
Conductivity

nonmetallic conductors and semicondvctors: () Lismuth; copel; constantan; an alloy

of gold, platinum, and palladium; colaiy; nickel, alume); potassium; palladium;

sodiue; mercury; platinum; carbon; aluminum; ospnesium; tin; lead; tantalcam; cesium;

Soecific Heat,
cal, deirhour
0.2-0.22%
0,065-0,072

piatinorhadius, rhodium; inndium; 2ine; silver; tunpsten; copper; brass; gold;

ranganin; cadmium; platinoiridium; wolytdenum; jron; nichrome; chrome; antixonv;

silicon; tellurium; seienium (+).

Resiativiey,
chas sa?
0.025-0,0278
0.044-0,048

Yatevsals used for theimoccuples are charactes:zed by the magnitude of the teaf

induced by the ia a couple with pure plstinum,

Table 34 gives the values of the temf developed by various substances in a

Table 34
Coefficiont,

Teape

couple with platinua, together with the values of the tezperature coefficients, the

resistivities, and a few other physical coastants of these therzocouples.

Cow,

The teas of asy couple (per 1°C), coaposed of the waterials shown in this

*10.2 + 130

Table, is equal to the difference of the teuf of therrccouples made of these nater-

Fore

Thermoelect, omotive

ials in platinua couples.

Section 80. Characteristics o Themocouples

[

The »ost wmadely used type of thermal indicator is the thermocouple.

Ca (1 55%) ¢
+ s (te 45%)
8% Cu + 13% b *

NI+ In Ve

Thermocouples are character:zed by the following basic parexeters: sensitivity,

Symbol o
Conponition
IMNI + XA, B, Me

efficiency, sluggishness, and resistance,

The sensitivity is usually evaluated Ly the ratio of the temf of the thermo-

couple to the radiant flux incident on it. The absolute sensitivity of a thermo-

Mems of Material

Jran (sure)

(=17

element may be expressed in volts pzr watt (v/n), in microvolte per microcalory per

sevond (uv/it cal-sec), or in other units of voltage and radiant energy.
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flowever, zuch an evaluation does not take the size of the working srea of the
thermocouple into sonsiderstion. A thermocouple 1s therefore sometimes charscterized
by its relative sensitivity, which equals the ratio of the temf of the thermoccuple
to the density of the .ergy incident on 1ts vorking arca. In this case, the sensmi-
tivity 13 determined by the vaiue of the teaf daveloped by the thermoclectric cell
under the action of the radiant energy incident on 1t.

The relative sensitivity is expreased, for exaple, 1n volts per =att par square
millimeter (v-mm2/w) or in microvolis per microcalory per second per 6quate wrlli-
meter (Bv-sec-mm?/p cnl). In some cases, a thermocouple 13 characterized by the ef-

" fectyse sensitivity, vhich mzans the ratio of the sbsolute seasitivity to its ef-
" fective area (v/n-mu? or uv/u cal-sec-mm?).

It 1s common practics to evaluate a thermocouple by its atsolute sensitivity ia
cases where it is irradiated by s concentrated flux #hose cross section 1s less than
Uis wori:ing (irradiated) area of the thermocouple. 1f the thermocouple, however, is
1n a diffused flux whose cross section 1s larger than the size of the instrumeat, it
is preferable to use th: relative sensativity.

The sensitivity of a thermocouple depends on the material of the thrrmolayers

_and op the dimensions and shape of the working surface. The Jicensions and shape of
cha working surface of a thermoccuple are selected in accordance with its purpose.

The minimum radiant energy at which the signai at the output of a thermocouple

i Tis greater than the noise signal or equal to it is called the threshold of seasiti-
vity of that thermocouple. .
The sensitivity threshold of a thermocouple 1s linited Ly the voltage fluctu-
ations due to the thermai agitation of the rlectrons, or to tesperature {luctustioas.
! The generated emf determines the sensitivity threstold of the thermocouple. The
" sensitivity threshold likevise depends on the resistance of the therwoconple, its
" specific heat, and its inertia or sluggisiness. The value ranges from i0°% vo

e 10°1" watta.

The efficiency of a therwocouple is detemined urt.hA;{v:u_nlitv of radiant en-
. ergy, incident on the thermocouple, that is ccavarted into electrical energy. The
‘efficiency of therwocouples is very low {not exceeding fractions of s percent).

The 1nestia of a thermocouple deprnds on the rxte of rise or fall of tha theswal
enf. The core rapidly the tenf of a therzocouple resches values correspinding to
the energy 1acident on it, the smaller will te its inertia.

The thermal emf gradually increnses to its final value, corres;onding to the
radiant flux stciking the photocell. For this reason, the 1nertia 1s detersined by
the time t taken Ly the thermocouple to develop an exf equal to 0, 90, or $5% of
the total (final) csf, shich ix denoted by 15 g, T g, OF Ty ggs revpectively. The

" inertness values of different thersocouples range from hundredths of a secoad to a
" few seconds.
ss1staace of a thermecouple depends oa its waterial and design. The value
iokerent nwise and the selectica of the zezsuring iastrusent to

which the thermocouple is connected, are detarmined by the resistance.

Section 81. Design of Thesmecouples

Shes The paraccters of a thermccouple depend mainly on its design. The sensitivity

"o ofa thespocouple rises with dimi: ishing heat losses. In desigaing thermocouples,

3- therefore, efforts arz made to reduce the mazs and thermal yield of the thermo-
4“—couple. For this purpose, the thermocouple is placed in a vacuus, which almost com-

‘" pietely eliminates the losses through the gas, and might increase the sensitivity
"" - by a factor of 20-40 (but it wuast be borce in mied that the inertia of the thermo-
"“— couple is elso increased in this case). The sigaificance of vacuum for increasiag

*" the sensativity was first established by the noted Hussisn scieatist, Profeasor

',.)" T PuN.Lebeder.
R If s themmocouple is mounted iz 3 tube, the material of the tabe or the wiedcw

' of-the body caat be transperes: to iafrarcd reys is the working regioa of the spec-

trus. The rorking areas of therzocouples ara covered by substances with a good ab-

STAT
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lorpuon for thesc rays, such a» motallic black, carton Llack, or zagnesia.
Let uy consider the conatruction of a few types of thermocouples.
The first themocouple, 1u itle form of a thernopile was built an 1835. It con-

_ sisted of 23 paxcs of bismuth and antimony platea, stacked and connected in series.

‘J

P .)

———

s===2n Irem
[— T T

Fig. 138 - Iron-Constanten Therso-
pils £20 Junctiona in all)

Fig.137 - Thermopile of Bismuth and Anti-
mony (1n o1}, 25 Juncticas E=ch 2%
2 to; lotal Arca i00 mn®)
a) Aatimony; b}
¢) Bismuth; d) Working space; e) Lumi- H
nous flux; f) Absorbing layer '

Insuluting plates;
3
»5_ The design of thas therwopile is shown (for three pairs of plates) in Fig.137. The
" thermopile produced a sufficient temf, but had a low specific sensitivizy, since its
:,f working ures was very large U\OO m?). In addition, due to the large mass of the

s__plates, the inertia of the thermcpile was high (14 sec). Wechanically, the thermo-

1+ pile wes of low strength.

tantan th les.

L Later, 1n 1898, a thermopile was buiit of 20 iron;
" The thermocouples consisted of thin iron and constantan wires, joined by szilver
" (Fig.138). To increase the working area of the thermocouple, sheets of matal foil
~ covered wmath curbor. black were roldered to the Junction points. All junctions were
(f " on a single vertical line. This thermopile was used for spectrometry. Its sensi-
R n.vn.y was lower than that of the thermopile described above.

Tha navt aten in the nerfection of thermocouples was takea in 1002. vhea

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800180001-6

P.N.Lebedev first placed a themmocouple 1n a vacuum, !herél;{ considerably ni-i.ﬁ; the
sensitivity of the thervoceil. The investigaticas Ly Lebedev showed that it was of
great prictical importance to place the thermocouples in a vacuuz when using fine
wires, where the heat losses due to the thermoconductivaty of the wires are zmall in.
corpery >n to the radiation losses.

At first thermoelements and thermopiles were made of thin wires or plates of

tellurium, bismuth, antimony, silver, irun, constantan, and certain other metals. The

B

)

Fig.139 - hibbon Yacuum Thermoelezent
a) Thcroojunction

Fig.14) - Thermo-Foil
a) lonstantun; b) Thermojunction;
¢) Directicn of rolling; d) Iroa

1
firat theraoelectric cells had relatively:large mass and sluggishness. The working

spaces of thermoelements, intended for spectrometiy, were made 1n the form of piles,
:ud those for measuring a diffuse radiant flux 1n the form of a plane sqnare, Ia
? "“meny desigua, & special plate absorbing vhe energy of the radiant flux was soldered
j_ to the thermocoupie.
The object of reducing the mass of the eleztrodes and the working space of thae
therzoelraent led to the construction of the so-called strip t.ermoelements.
The thermocouples of such thermoelements are made of strip thermofoil. The
_ vacuum thermcelectric cell shown in Fig.139 uses thermofoil of mangania-constantaa
sbeut 1 ¢ in thickness, )
(') ' - A thermofoil is made of two different metals. First, two relatively thin wires
. are soldered together, e.g. iron and conatantan or manganin and conatentan; these

_;ne then rolled perpendicularly to the avis of the wires (Fiz.140). As a remulr,

© a'very thin foil 0.5 ta 1 u thick is obtsined, from which strips of any desired
STAT
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" width and shape are cut.
Thermobattevies (Fig.141), or thermopiles, are sometimes asseabled of therso-
'fo1l. A themobattery consists of mesy juzctions which need not cl! be irradiated
Ly the incideat radiant flux. The irradiated junc-
tiona are called working junctions, the umirradiated,

free junctions.

do

Thervocouplzs cun also Le made Ly an electro-

e MM

gﬂrnm
- ‘

Iytic method. In this caze, thin layers of two ma-

Ul b o U

tertals are alternstely deposited throuzh a stencil
on a polished plate, in such a way that the dif-

. ferent wetals partly overlsp. From the film so ol-

- Fig. 141 - Thermobattery of tained, strip therwocells or therwopiles sre made.

N ‘Thermofoils:
I- Working junction; 2- Free

junctions

The thickaess of the atrips is 0.3 u.

Io zdditica, thermocells are wade twv the meched

of cathede sputtering and by the method of vacuum
C - deposition. '

The former method 1s basad on the fact that, wheén an electric discharge takes

‘;;place in gases, the positive ions gradually destroy the cachode. The sputtered ma-
: ;teri:l is deposited in the form of a thin film on the sarface surrcunding the

:clthudc. The degree of sputtering depends on the cathode material and also on the

discharge current and voltage az well as on the nature of the gas in which the dis-

a 'vchuga takes place. To obtain a film for a thermocouple, the material to be aput-

‘- tered and the plate on which it i3 to be Jdepusiv=d are placed in a tube contaiming
- a rarefied gas, and a discharge is induced. The plate ia then covered with a thin

* film of sputtered material, about 0.1 g thick.

’ -

The second method consists in an evaporation of metal in vacuo. The metal,

_hea:nd in an electric furnace to the tcuperature of vaporization, is placed in a

o vacuum; above or below the wetal, a mica plste or celluloid film, covered with a

© steneil 1a placed, on which the vapyrized metal is deposited. The two metals

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800180001-6

“'-f::t;aing the therwocouple are depa:iu:d on the pl“n.a t.hm;u_gh_‘u\e stencil 1a such &
say that a thermoelesent or thermopile is obtained. The thickness of the wetal
1layeru obtained by this method is very zmall,

. Bisputh, antivony, tellurivm, nickel, copper, 2nd certain other weials are con-

ventional materials for thermocouples; soaetimes alloys, which produce a higher ther-

L2 b
5T\

Vd
&)

T Fig.142 - Fo1l Thzrmoelement
" a) Risyuth: L) Tzllurium;
" ¢) Gold; 4) Mica; e) Celluload

lig.143 - kc1l Thezcopile
a) Gid; b) Biszuth; c) Tellurium;
d) Gold; e) Celluloxd; f) Mica

"“moelectromctive force, ars vsed.
-"_ Contact with the electrodes of a thermocouple is effected through a layer of
_rold deposited by the sane method at the cnds of the electrodes. Leads are soldered
j ts the zcid layer by low-melting solders.
In some cascs, .l«ops are used for making the contacts.
The foils on vhich metallic layeis are depesited have a thickness of 10-° -
‘_' 10-6 cu (0.1-0.01 1), vhile metal layers deposited on these filas are 10°¢ - 5%
_ % 10°* c» (1-0.05 p) thick. The scasitivity of thawoelescats produced by sach

) “_methods is very high, c=d their inertis is jzsigni ficaat.

_ Thermoelements of this type zere mede with one junction (Fig.142) or in the
I _—_‘ form of a therzopile with several junctions (Fip.143). The thickness of the cel-
" lnloid base was 2

e e

x 10°¢ cm, and the thickness of the mstal layer spplied was

— The total thicknezas of the ceater pertion of the thercoclements was

‘“ahout 10*S cm, i.e., acout 10 times less than the thickneas of strip therwocuuples.
b
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The sensitivaty of these thermmoelements (with nnpli(_i;r) was as high as 2 %

x 10719 cal/sec-cn?, i.e., 30 to 40 timec as high as that of strip thermoeclements
(cf.Fig.139).

1a some thermoelements, ollovs of different metals which yield a higher therwo-
elechsomotive force are used for the thermocouples.

Such alloys include alloys of biswuih, antiwdny, and tin, e.g., an alloy of
bismath with S% tiz (95% Bi + 5% Sa) or of Liswuth wath 3% antimony (97% B *+ 3% Sb);
the thermoelectrorotive force of themoelezents made of these alloys 1s as high as
.120 nv/deg.

0f such alloys, foils cr very fine wire (thickness down to 15 u) are usually

~ prepared and are soldered to a plate of thin wetal foil, serving as the receptor of
" radiant er~rzy.

Tn addition to metals =nd their alloys, certaia semicoaductors possessing @
}igh temf &re sometimes used 10 making themmoelements; these include, for eassple,
selenium, vhose teaf 15 cqual to almost 1330 nv/deg.

M.A.Levitskaya develcped a thermoelement in vhich one electrode was wade of aa

alloy of selenium with copper and the other of pure copper. Seleaium has a very

N
:high resistance, but compounds of electrically conducting metals with seleniia say

: _have a rather high electric cunductivity and are useful as thermoelements. The

N thermoelectromotive force of this thermocouple, equal to 250 wv/deg is several times
!""“'_.. sreat as that of other themmocouples.
- Table 35 gives the data of a fcz thermoelements.
1
. ~Section 82. Bolometars (Bibl.13)

LI An indicator of radiant energy whose action is tased ou the variation in ce-

% sistance of the sensitive element, whea heated by the atsorption of a radiant flux,

el
5 -is called a bolometer.

1» Bol e, like el ta, are widely used in infrared technology. A bolometer

will measure variations in temparature as smali as 10°7°C and in voltage dowa te

Recarks

Firet tabodev
vacuwn therme:
alowent
modulation of
radiuat flax
st €* 5 cpa

Cporated with

|

Sluggishress,
0.03-0.04

Seasativaty,

Recistsace,
3.5

X 3.16% 0.3

Table 35

MNusber of | Recaptor Ares

Data of Seversl Thermoelements
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Materia) of
Bismtheantinony
Telluriwn-bissuth | 340

with antisaay aad
blonuts with tin

1947 [ Alleys of bismuth
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The sensitivaty of these thermoelements (with nnplifi;r) was as high as 2 *
x 10719 cal/sec-ca?, i.c., 30 to 40 timec as high as that of strip thermoelements

(cf.Fix.139).

1a some thermoelements, aliovs of d1fferent metnls which yield a higher thermo-

electromotave force are used for the thermocouples.

Such alloys include alloys of biseuth, antimony, and tin, e.g., a0 alloy of

bismath with S% tan (95% Bi + 5% Sa) or of Liswuth wath 3% antimony (97% B *+ 3% Sb);
the thermoelectrozotive force of themoelezents wade of these alloys 18 as hagh as
.120 uv/deg.

0Of such alloys, foils or very fine wire (thickness down to 15 u) are usually

° 7 prepared and sre soldered to a plate of thin wetal foil, serving as the receptor of
" radiant er~vgy.

¥a sddition to metals aad their alloys, certain semiccaductors possessing @

bigh tem{ are sometimes paed 1p meking thermoelsments; these include, for sazsple,

selenium, whose tenf is equal to alcost 1300 uv/deg.
M.A.Levitskaya develcped a thermoelement in vhich one electrode was made of aa

alloy of selenium with copper and the other of pure copper. Seleaium bas a very

A :high resistance, but cozpounds of electrically conducticg metals with seleniia may

© _have a rather high electric conductivity and are useful as thersoelements. The

. thermoelectromotive force of thia thermocouple, equal to 250 uv/deg is several times

Tas preat as that of other therwocouples.

- Table 35 gives the data of a fe= thermoelements.
1

- Section 82. Bolometers (Bibl.13)

—

' An 1ndicator of radiant energy whose action is fased om the variation in ce~

sistance of the sensitive element, whea heated by the absorption of a radiant flux,

)
5 ia called a bolometer.

> o-- _Bolometers, like elements, are widely used in infrared technology. A bolometer

will measure variations in temparature as smali as 10°7°C and in voltage down to

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6
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1010 v and decect a cadiont flux of powers down to 10710 wate. "the resiator, Y the mplifier; By che reeastence of the sezcuriag 1nstrusent.
.

. s i If the sensitive element 13 sot irradiated, the bridge ia 10 equlibrium, and
The elemeit of a tslomete: sensitave to radiont flux (the receptor arez) 1z . a .

wade of thin layers of various metels, semiconductors and dielectrics, the layers of the pointer of the weasuring inatrunent connected to the output of the soplifier

Table 36

: - . a)
v
£ &
Characteristics of Certain Materiuls Used in Making Bolometzrs : . \1(-)
Vaterial Resistasaty Resistamaty Tesperature Coefficrent A g
at 0°C, at 18°C, of Nesistance & of \ s
olers-cm ohms-om Thin Leyers at 18°C, b JAN

Vdex

[
L]
v —

Platinm 9.8 x 108 10 5% 108 + 0 0039 o

Gold 2.06 < 108 2.01 x 108 + 0004 . . Fig.144 - Bridge Garcurt of Connecting Fig.145 - Coopensation Endge Circuit

Mickel 6.6 x 108 7.35 % 108 +0.0063, + 0.0067 Eoloseter of Connecting Bolometer

Iron 3.0 v 106 9.9 % 108 + 0.0065 ’ a) blux measured

Tungsten 4.89 % 108 5.32 % 168 + 10,0046

Phraswth 109 x 108 118 x 108 - 0.0045 : 7 does not deflect.
i .3 x 108 29.8 x 109 - 0.0047 R .

Antizony ::;‘ i‘;‘ 1.5 % 108 0.005 tulance of the bradge 13 disturbd, and a current fixed ly the measuriog iostrument

Teliurnm . f .

Topper oxide 3.3x 1010 - - 0.033 _ appears.

Qd:e; efm Mms:::e 1% 10 -0.06, -0.05 " 7 the feed curreat.

nrckel, col -

Oc 1rradisticrs of the elexent, its resistance Ry varies, the

The sensitivaty of the Lolometer depends on the value and direction of

- el A circurt with one bolometer, as shown in lig.144, is sabject to the influrmace
" the coterial rangng in thickness from {ractions of a micron to several microns. . Tof floctuations in the aebient tezjccature aad in the tempersture of the feed source,
The sensitivity of a boloneter depeads on the value of the thernal coefficient of . vhick may lead to unbalanciag of the bridge, even without irradiating the Loloameter.
resistance of the material of the element, so that better results are obtained by (.__To exclude this influeace, a compensation bridge circuit vith tes bolometers is used,

using substonces with a high temperature coefficient of resista.ce. . '_'connecx.ed as shown ia Fig.145. %hea the ambieat temperature varies, both bolometers
Table 36 gives ccoparative data for a few materials used in meking the sensi- . “have the same variation i resistance, so tha. the Lalance of the bridge is not dis-
tive elerents of bolometers. { . :tur'm:d. When the feed voltsee fluctuates, the chacze in the cumeat produces the
The bolometer usually operates on a bridge circait fed by LC or AC, whea con- . Tsaze change in the resistance of both bolometers, and ihe balance of the bridge is
_nectec to vne of the arms of the bradge as showr in Fig.)dd. . _'_’nainuined. The measured radiazt flux is foczsed oa one boloweter, shose resistaace
In this diagram, H, denotsy the resistonce of the sensitive element of tolome- ““varies, and the bridge is unbalanced.
[ ter; Ky, By, By are the resisrances of the remaining erms of the bridge; I is the . T ___ Aloloacter with zaxinza sensitivity to infrared raya must Le able to rexistar
total current; I, the curreat flowang through the boloveter; 1 the current through c.very mmall varistions in texperature. This may Le accomplished if the energy losses

-y
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" due to thermal conductivity are ieduced to » minimm, by ;tlacing the telomster 12 »

~zcuum. In this case the s nsitivity increases Lut so does the inertza. In cases

where » low inertia is required, the sensitive element of the lolometer ia ploced in
a tube with air; air is @ good conductor of heat away from the elemeat of the Lolos-
eter and thersby favors a rapid restoration of the elesent’s own temperaturs wathin

a short tise. Depending on the type of materaal used for the sensitive element, bo-

lometers are svbdivaded into three types: metallic, dielectrie, and semic aductor.

el J%‘ 3
AR
—

/1 N

i -

R
[

et 4

R EECEE
d,

]
5 ¥ 85 2
a)

Fig. 145 - Felation betwesn Sensativity
of Bolometer and Current
" a) Current, wa; b) Sensitivity, v/v

Fig.147 - Frequency Lharacteristics of the
Bolomster
a) Modulation frequency, cps; b) Sensati-
vity in relative units

- The supsrconductor bolometers occupy a special place. Their sensitive elements ace
made of a metal or a semiconductor.

— The principal characteristics of a bolometer as an indicator of infrared rays
T are its sensitivity and its inertia.
- The sensitivaty of a belometer is cheracterized by the ratio of the voltage

: __drop varistion scross the bolometer due to variation in the resistaace, to the ra-
" diant flux falling on the surfacc of the sensitive element. Sensitivity 1s ex-

- —_preued in volta per watt (v/w) or in microvolts per micracalory per second
- (uv/4 cal-sec). The sensitivity is proportional to the temperature coefficient aad

to the applied voltage, and inversely proportional to the area of the sensitive

< element. The magnitude of the threchold sensitivity is determined by the noise

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800120001-6

0. - R
level prodaced by the thermal agitation of the

electruas,
The inertia, defined Ly the time constaat %, characterizes the rate of change
‘e,f resistence of the tolometer and, consequently, also of the voltoge Jrop across

__it, under the action of radiant eaerny. The 1nertia or slugzist.csa represents the

tize necessary for the change 1n voltage drop across the bolometer to reach a cer-
tain value (usually, 50%) with respect to the =axious value produced Ly the cor-

resnondrag radiaar. flox. Then a wodulated redisae flux is ieing veasared, the in-

_ ertia characterizes the vsristion in sensitivity as @ function of the frequency of

the radiant fiux, i.e., 1t becoxes the frequency characteristie.

. _ Section 83._Cuustruction of Folozsters
Hetal Boloseters

N
‘The matersals used for the sensitive elecents of metal bolometers arc platinuw,

gold, nicksl, 2acimony, baszruth, aad certain other wetals. These cetals sre

tha farm ~f vesry thi = of = micran thick) ar of o fil

158
{=£

" ness down to 0.C5 u} deposited by csthode sputtering ou a than base of mica, aitro-

—cellulose, or other noncondacting eaterial. Electrode of #01d are deposited on the

-:mtll fo1l and the film itself, to izprove its al rption of radiant eaerry, is

d-i:hlndeud #ith & special compcsition. The sensitive element of the bolosrter is

2 :
" 7" placed into a tube from shach the air is exhzusted to a certaia vacuum, or iste a
4

**—Lute filled with hydrogen at a certais pressure. The tube, or the body of the bo-

e lometer, has a mindcw of a material transparent W infrared rays.

The total sensitivity of a boloseter ¢ with an umodulated radiant flax =y be

! B determined ty the forzaula
.

M3 ¢
AR

av  GARIAT

="~

3 Le/ul

$t..whepe-AU-= megaitude of voltage drop;
‘ .. g = coefficient. of abzorption (degree of tiackness) of the coating;

SN e e e T G — b ' v‘ —i
S
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4 * radiant flux;
a * texperature coefficacut of resistsace of the lolometer patenal;
AH, * magnitude of sariaticn oi the toloseter resistance;
AT = terperature chance of the tolometer under the action of redisnt flux;
S = area of sensitave element;
I = current flowing through the tolomete:.
It follows from eq.(168) that the sensitavity 1s directly propcrtiocasl to the
‘_ current flowing through the tolcmeter. This 13 allustrated :n hig 146, which repre-

sents the relation of the sensitivity and the current for a vacuun Lolozeter with a

Table 37

Basic Cata of Several Metal Bolzmeters

Sensitivaty
Threshold
Tatt

Resistance,
ochas

Yorking
Arca,

=t

Material Seasitainity

at Zero

Tawe Cosstant,
Shliisec
Fremmes.

TegE=ey,

/v

9% 1076
9 x 30°¢
9 x 10°¢
9 x 107¢
9 x 1076
3.5 0F
1077

5.7
17.2
4.5
a5
4.5
10
2.75

0.61
2.2¢
146

5.3
21.2
4.7
1.2 16
3.6 161
80 -
3.8 4.35

Irom
Gold

-:sensitive element of tungsten. The diagram shovs that, at a curreat of 1.75 %
Mj" 10°2 anp, the sensitavity reaches 1.75 v/watt, and cocstantly and linearly 12-
» '?.crelsing with the flux,

[ - In a bolometer with a metallic film of gold, the sensitivaty threshold is equal
;_ to 10°7 watt, the seasitavity amounts to 4.35 v/watt, and the timc constant is

o 3.8 millisec. A gold bolometer can operate under a modulated radiant flux. The

z frequency characteristic of this bolometer, filled with hydrogea under a pressare

i T on . s .=
Tof 20 mm Hg, is given in Fig 147, The diagram shows that, at irrediation fre-

© " to 10°% wate.
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Guencies of alcost up to 40 cps, the sennitivity ressins constant and declises
smoothly only cn further 1ncresce ia the frequency of the flux.
Tatle 37 <ives the tasic data for scveral wetal lolometers.
These data indicste that a ioloveter of gold 38 preferatle. It Las the awallest

threshold secartivaty (1077 watt), sod a bigh seasitivity (4.35 v/u), at lov aaertia

T (3.8 = sec).
Dielectric Bolometers

Figure 148 schecatically shows the design of a dielectric lolcaeter. The sensi-

- tive elewrnt of the tolometes ;5 the film (1) of nitrclenzese or cellcphace, oa

which, on Lotk z1des, the gold clectrodes (2) are

deposited. The thicknezs of the nitrobenzese file

15 sboot 5 x 10°% o=, and that of the cellophane

{ila about 0.02 ww. The film wath the electrode is

.- Fip.148 - Arrangexeat of
Drelectzic bolometer:
T 1- Nitrobenzene fils; 2- Flec-
trodes; 3- Attachment

attached to two Lases of copper. A dielectric Fa-
loseter, with its seositive elexeat zaje of a nitro-
o beszese film of an ares of 0.5 sm? and a resistasce

: of 2000 obxs, has a sensitivity of about 300 v/w and a sensitivity threshold equal

The drelectric Loloseter c2a operate mith a wodalsrted radiaat flux

j,i_ of a frequency sp to 30 cps.

"7 Sexicondncter Bolometers

Bolowetess of thas tyvpe use layers cf sesaconductors as the szasitive clemeat,

— e.g., a film of copper oxade or sanganess, pickel, asd cobalt oxides 1.5 x 0.1 =

.- im sive and 2 % 1072 - 10°? zm ia thickmess, which afe applied on a glass or quartx

.~ plate. Sexiconductor lolometers caa operste not only 1a vacuo bat also ia air.

— Owing to the bagh tewperature coefficieat of resistance, which a=ornts to abost 0%

— for each 1'C, these toloueiers have a very high szasitivity.

seanitivaty of a cuprous oxide loloaeter 13 14,300 v/satt at a poteataal of 1000 v

For exssple, the

197.

Declassified in Part - Sanitized Co roved for Release

50-Yr 2014/03/27 : CIA-RDP81-01043R00280019000



Declassified in Part - San

ed Copy Approved for Release @ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6

- W TWeE TR ITImET A

" and an sbicnt tempersture of + 40°C.

The sensitivity of sewicoaductor bolometers aay be detemmined Ly the forvuls

. UTa

1
e IS (1=-c®) v/w

voltage across Lolometer;
teaperature rise on arradistion by the flux &
= working area;
* time of action of radiaat flux;
= a constant.
Tt will L2 seen froa 2q.(169) that I.;;e sensitivity increases Ly 23 eapunential

" law, If, for exseple, a Lolozeter of manganese, nirkel and cokalt oxides has a

Table 38

Characteristics of Semiconductor Bolometers

Tire Constant, Sersitivity, Yorking | Resistawe Sensativity
Millisec v/w Area, obm Threshold
-t -

M, Ni, Co oxides 0.6 3% 108
1.2 3% 108
.58 3 x 106
3 4% 10
Ca oxide 220 14,300 1.5% 108

25.5 % 10710
105 x 10718
1.04 % 10710
2% 1078
6x 10-8

_"scn:i:ivity threshold equal to 2 * 16°3 wate, at a frequency of 28 cps end a time
constant of 3 & sec, then a temperature change of 2 % 1076°C will cause its re-
~ sistance to change by 0.3 ohm, resulting in a change in voltage of 3 x 10°6 v,
“Table 38 gives data of a few szaiconductor lolometers.
The Table shows that the samallest time constant is obtained in lolometers of
ccbllr.,_ nickel and manganese oxidea, which possess a high threshold and tots! sensi-

vivity. Bolozzters of copper oxide have a vary high sensitivity Lut also a high

e e A e VO

Supercuaducting Boloceters

The operation of superconducting tolcaeters 1s tased on the plenovenor of

supraconduztivity At very low tespesstures, close ro ahzolute zero, the resistaace

of certain materisls drops to a fev teaths of ax sho, and, consequently, their con-

[

2¢

”

u/c) L <)

-:-;-—.*-17—) -1
1 2
0 ma)&;»z 133 a)

h;lzl / T 2

Fig.150 - Arranpeceant

of Scpercooductisg

Boloaeter of (olumbiam
Matride

— Fir.149 - Supracondnctivaty
* - of Colusbinm “itrade at
1ow Tecperatures

Teaperniure, ‘R

Fig.151 - helation of Seasi-
tisity of Duloseter o
Tize of Irradiatioa
3) Tizs cf irzadiatics,
xiilizec; 1) Seamtivity
in relative vaits;
¢) Noise lavcl;

d) 5-10°¢ u watt

kesistence, ohms

- ductivity sharply rises. The tecperature coefficiest of resistaace iacreases
— abruptly, greatly incressing the seanzitivity of the bolometer.
— To vake the sensitive elements of sapercosducting ltolometers, teatalus is ssed,

- in which sepraconductivity starts at a tesperature of 3.22-3.23°K (-269.18 to

= -269.17°C) or cole=tium aitrade, ia which supraconductivity starts at a texperatsre

':of 14.24-14.33°K (-258.66°C to -258.62°C), as dewoastrated ia Fig.14.

— The principal difficulty ia tuildieg superconducting boloaeters of taatalum

_ —is the necessity of coostructizg apparatus for obtaimiag the extremely low tempera-

— tures and for accurately moisteising the constant tezperature of the traasitioa
e

. peint to supraccaductivity. It is siepler to nild superconducting tolomcters of

B
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" colusbium nitride, siace they do not require cooling such extremely low 'v.-:npen- frequency of the radimat flav

tures as tantalum bolometars do. The aniangement of = coluzlinz aitride super-
Sectioe 84. Theroistors
Table 39

In recent yesrs, consilerstle attention has teen parl to seziccnductor resistors
Data of Sepercencucting Boloweters

and the porastality of thear vaean technology. The hagh nepative tespecauire coef-

|

Area of Sensitave Sensmitavity Time Constant, Vogalation Frequency
Element, wm Threshnld Millisec of Radaant Flux, cps

Tate

Table 40

Claracteristics of Haterials for the Fanufacture of Therzistors
0.” 2% 100 0.9 ;
L6 186 x 10719 0.8 Material . - l 1%°C
0.4 430 x 10710 1.7

6.4 1100 x 10710 4.2 AzgS 2x 1073 32w -5
1 5% 30718 0.5
os 10 x 10°10 0.3

C3C + ¥a 0 10 10 10°2 -3to 3.2

w, 1.3x 1078 -3.2

<0 52 v 20°¢ -2.6
40, 1.5% 107 -2.7
T10,%20 1.6 x 0t -3
and 0.025 o thick, prepared by heat-treatin; coiumbiu: is an axsonia jet, 18 Ia 1 0.5

conducting boloweter is schematically shown in Fig.152. Cn a copper tase (Cu) a

sensitive element consisting of & columbium mitnde stripl 5 za long, 0.5 m wmade

) : 3 -
cerented by bakelite varmish. QUOCr gD, 1% 100 2.8

Meg0p + M0 1% 307 -3.2
The sensitive slement is placed 1n the vacuua tube S, which is connected math - 37 ? R
PbSe axet 5.8

_ a cooling chanter (crvostac), filled with a mixture of liquad anitrogen and hydrogea.

. . - . . 3 = + 20°C,
_In this chasber, a temperature of atout 15°K is waintained. Note. 0 wes Zeasured at temperstares of * 20°C, and

- 1, 1a the isterval from + 16 te - 20°C.
Superconducting hoioaetars of coluabium pitride have good physical properties, . < ervs <

:t- Figure 151 shows the relation of the seasitivitw, expressed in relative uaits, to ficrent of resistarce and the low eiectric conductivaty, formerly considered draw-
 the time of irradiation of the Loloweter by a radiant flux at a freguezcy of 13 cps. Lacks of semiconductors, was used as the basis for developing o seaiconductor im-
_ The diagram shows th e sensitivity reaches its maxisua value withia 1 mallisec " dicetor, which was givea the nase of themmstor. Tie thersistoz utalizes the

- and half of this waximus value within 0.3 willisec. Thus the time conetzat is very property of certais semicondacing materials of sharply varyiag thear resistasce at
_ mall, small variations in tespersture. The adveatage of the thermator as aa iadicator

Table 39 givea a 1ew data of superconducting Lolometers of colusbium nitride. of radiaat energy over the thzrroeleseat and the toloseter 13 its sasplicaty of

It will be seen from the data givea in this Table that superionducting bolome- _ masufecture, and its greater Guzatality aad stability is operatioa.

 ters of colusbiua nitride have considerable advantages over other types of bolome- Talle & gives the valnes of the electinc condactivity 0 end the tempersture-

turs with reapect to time ocoastaat, seasitavity threshold, and allowable modulatioa

cocfficieat @ for saterials from shich thereistors caa ba bualt.

21
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Table 40 shows that the ovidea oi various metsls aze the principal materials
used for thermistors. Thermistors arc made by mixing certain oxides in powder form.
The resultant maxture, after adding an orgunie Linder, is spread in a thin layer on

_a plaas plate. The plate is dried end hostod to evaporate the bander, end ies then

tronted at high tegperatures untal the mx-
Table 41

turo ehanges 1nto a hard mass. To obtain

Resistance of Uranium Oxide
Thermistor as a Fur:tion of contacts, the ends cf the plate are coated

Temperature with a petal paste vhich is herdened Ly

Rr firing. Leads are roldered to the con-
ohms

tacts. The thickness of the sensitave

420,000
190,000
80,000
55,000
35, 500
28,500
22,000
18,000
10, 500

6,200

3,95%

layer of a thermistor rsages froa 0.01 to
0.004 co, the length of the plate from
0.1-1 cm, and the thickness frem 0.02 to
0.1 ca.

The principal characteristics of the

thorwistor are as follows:

Volt-ssper characteristic, indi-

cating the relation betwecen the

value of the curreot flowing thrcugh the thermistor on the applied voltage.
Dissipction conntaat H, representing the relation between the power input in
watts, dissipated in the thermistor, and the rise in its tevperature as a re-
sult of this dissipation (in *C), by comparison with the wmbient tezperature

q-= P ny/*C

70
o (170)

where P = power iaput;
Ty = temperature of thermistor;
T, = aobient tempsraturs;

The pover sensitivity, ¢, is the nuoler of watta which muat be dissipated W

e
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szduce Lhe vesistance of the thermistar ty 1% >'n|il‘qulnlity 1s detersined

fros the crlation

<
. R 7

Tise constent T, the tice necessary to vary the tezperature of the thermastor
Ly 63% of the difference Ty - T, at the initaal instant of seasurezent. The
current constant may also te defined Ly the forzula

_ ¢
T F = sec

H
shete ¢ = heat capacity in joules per derree C {j/des);
H = cissipaiion constaat.
Cepending on the dimensions, density and specific heat of the raterial, the
. " tixe constant of the thersiztor may vury from 10°? sec to 10 mia.

Thermistors, like toloceters, usually operate on a tridge circuir. The seasa-

™ _tivaty threshold of the therristor may ie as low as 10°% watt.

Let us consider the characteristics of certain types of thermistors.

‘_' Uranium Ozide Thersastors (Bibl.14)

B.T.Kolomiyets proposed neat treatmeat of uraniua oxide in hyarogen to baild

. ~therwistors of uraniua oxide.

The 1nstruments obtained as a result of such treat-
ment possess good electric conduetinity, »t =cll disensiona and low tine constant.

- Since air has a disintegratinog effect on uranium oxide, the thermistor must be

. -placed ia an exbansted glass tube. :

- Table 41 gives the values of the resistonce fy of a uraniun oxide tterzistor

_ - as a functica of the aslient temperature t.

™ The table shows that the resistance of a thermistor drops wath iacreasing

tesperature. .

. 7 The relation of the curreat I to the spplied voltage Uy (volt-sapere cnarace

STAT
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teristics) 1s ch-ruclerizedly the data gives in Table 42. The table ll;o shows
that the thermistor has a sluggishness shose valuve as deterrancd Ly the tice interval
Table 42

Relation of Carrent Ip of an Applied Voltage Ug for u Uranive

Oxide Thermistor

Ir.m

Tire Interval after Conpection, sec

s 1 20 s | @

i 3.5 . 5.0 5.5 €.0 l 65
4.6 . 8.2 17.5 0.0
6.0 100
8.0 100

after connection.

Therrastors of Manganese Oxade and Nickel Oxide

Figure 152 gives the volt-esgpere characteristic of a therwistor oi manpanese

At a definite value of the corrent, the voltzge reaches a caximum

oxide and nickel.
- 3 -
)

12

9
)
6

|
P A R
Fig.152 - Volt-Acpere Characteristic of a Thermistor of Naagenese
Oxide aad Nickel
a) Current, ma; b) Applied voitage, v

]

value and then, despite a further increase in current, decteases 30 that the re-

sistance of the therwister b . ;:—.Aecmel segative.
The nuster os the curve pmves the salues of the difference Ty - 1., expressed

. U
in centigrades. For each poant of the curve, the ratio i fFrves the resastance, athale

Tatle 43

Relation of the Yaltes of B and 2 of a Therristor of Vaugunese Dxide

and Nacle) to the Terperature

Pesistence of

Tecperatare of Thermstor, !
Themstor R, i
1

Ty, °C

Terperature Coefficaent 8,
% per 1°C

'
‘
1

chme

<15

|- the product LT = ii{Tq - I,) givca the power dissapaied. The dissizatioa ccastast B
:cn le determaned readily froe the curve for the poiats at which the values of the
:‘:‘diffeluce Ty - T, are givea.

.- Takle 43 zives the resistance of a therzmister of smazganese cxade and nickel,
z and the temperature coefficieat of resistaace 2z, as a feaction of the tespevatare
of the thermistor. Tras therwistor is abie to record 3 chaage is taperstare

amcunting to 0.0005°C.

- The tatle incicates that, at increasaag temperatare, the resistasce of the
_ thermastor drops sharply, and the terperature cceificaent also dizirzishes, alttoagh

_ -- Dot 30 warkedly.

-. - A thermastor of oingeaese oxide, nickel as=d colalt at + 25°C Las the valze

3 * - 3.4 The diseapstioa corstaat 3s H = 0.1 we.Cep. The naxisua allowalle
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“tesparsture ot heating 18 * 150°C.  The tire coastant is less than 1 sec. The re-

eirtance decresses from 5000 ches at 0¢C to §5 ohas at *+ 150°C.

By nt

F1g.153 - Cheracteriztics of Stabalaty of Operatica of Thermistors:

i- Oxade of aanganese and nickel; 2- Oxide of wmanganese, nickel,
and Cotalt

a} Tice in hours; L) (hange in resistance, %, ¢) i Dav; d) 1 Veek;

¢) 1Vonth; f) 6 Montha; &) 1 Year; b) 2 Years; 1) 5 Years

Figure 153 shows the characteristics of operating stability of thersastors of

wanganese oxide and nickel (Carve 1) and of wanganese oxide, nickel, and ootalt
(Carve 2), expressed in percent change of resistaace as » functioa of the tive of

operation, plotted on a logarithmic scale. It s

)
|
i
3
!
1
i
i

clear fros the diagrsa that thermistors are exceptioa-

ally staile in oprratic=. The paxi=e= hanges 1& re-
sistance tzke place in the first woath of cperationm,

g)/’\-i)\ o) after which there is oaly a neghiaatly slight varia-

tiom.

Fig. 154 - Diagram of

Section 85. Other Tvpes of Nonselectave Indicators of
\icroradiometer

Infrared Hays
a) Freae; b) Thermocouple;

c) Working space; d) Mirror \arious nonselective receptors other thaa thermo-

elements, bolozeters. and thermistors, are used for recordiag radiaat eaecgy; these

include radiometers, microradiometess, optice- zcoustic sad preumatic indicators of

radinat enersy.

P
e e @ mraeht o S ok 8 ban imm S z
~
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© The Fadioneter

Tre radiomerric cifect 1s leazed co tha Lineta: rrtie3 ol » raref.ed gas. 1

laght plates, tlectencd oz ooe si2e, are sttacked to o soall glaes red, wnd s ved

" 13 then suspended fros cuartr thresd 12 a trhe wmath rarefied aar, rarant eserpy
strilarcg ihe 1lackened sides of the plates w11l Seat them and %11] create sz usecual

pressure of the residusl gas cn the tso sades of cte plates. The tlackesed s1des of

the plates 510l te exposed to pressure, causizy the rod to zotate and teaztiaz the

. ruspensice thread. Thre asgle of torsicn depesds om tle power of the radiast esergy

475
\

Fig.155 - Traprem of Vevngerov Optice-
- Accastic Iadicster:
1- tadiatice scazce; 2- Apareares of
=odulatisg disk; 3- Vodmiatiamp disk:
4~ \otor; 5- Flzcrite wandows;
~ $~ Ciaater; T- Weztrzae; 8- Wicruphbose;
5- Mplafier; 10- Feprolucer (telepboae)

Fiz.15% - Diagram of Ogtico-Accustic
ladicators

1- Fadiatica source; 2- Tafrared ravs;

3- vodnlataag disk. 4- Pisdnw- 5- Body

of chozber; §- ¥ezbrzee ccated with

laver of carboa tiack; 7- ¥icrophooe;

8- neplifier; 3- Pepredrcer (telepboael;
10- Y¥oter

--1ncidest on the plates. The rotatios ¢f the svster is zeasared tv a rav reflected
. -{rom a mirror attached ts tie saspeasioa tkread. Padioseters bave Ligh seesitinty,

- twt the conplexity of t' ear desiga limits their wse to the field of exact spectro-

, " uetric measareseats.

* --Vicrorsdiceeter.

Yor measurirg small quaniiiies of radiaat esergy, microrodiometars are some-

T tzes vsed. Theve coasiat of a gelianmeter wath o freve in the fora of a therso-

STAT
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ono;uple (Fag.154) On 1rradiation of tbe> therwojurction a therwoele '--u.ﬂll.'; force
arises, whazh izduces a curreat an the frame and censes 1ts rotatica in the magnetic
field. The dizplacement of 8 ray reflected {ros the miiror 1s used for estizatiox
the radiant eaergy falling on the hot junction.

Bisvuth, antisony, silver and tip are used as electrodes of the therwocouple. A
receptor area of extresely thin blackened fori 18 sozctipes placed on the lot jusce
The frame bas » 20 To cttain a

t1on itsel f. -1e s.nding of copper or s1lver vare.

uni form and stronger magnetic {ield an 1run core is placed within the fraze.

" Tre Optico-Acoustic Indicator

The optico-acoustic gethod of analvzing gases and vapors vus first developed v

Professor ¥.L.Veyngerov. Ihe uz= of this zethcd sutsequently led to his corstrzctiog

- an optico-acoustic nonselective 1edicater of radiant energy. Figure 1S5 aaves the

diagram of the optico-acoustic indicator, ax use< for gas agxlysis. The radisst

flux from the source (1) passes throngh the opemings (2) of the modalaticg disk (3),

- rotated by the motor (4), and, through the fivorite window (5), stnkes tte

- chasber (6), containing the gas (or vapor) urder sovestigatioa. Under the actioa of

. the interiupted irszdiation, the pressure of the gas on the weatraze (7) (tia forl)

of the macrophone (8) varies. The electric signals produced in the sicropbose are

aaplified in the aeplifier (9) and fed to the reproducer (10).

Tte variatics ia
‘..~ frequency ¢ the current ja the micropavne circsit deprads oa the =odalation fre-

quency ana the coeposition of the gas. By =eans of such a systea, gases aad vapors

way he inveatigated by uwtiliaing their ability to abzerb radisat energy.

- Apother type of optico-acoustic indacators (Bibl.1S5),

prizciple, util

constructed on this
o3 the variation ia przssure of a thin plate coated with a layer

of carbon bluck, under the acvion of interrapted irradiatioa.

Fignre 155 gives a

- schesatic dragram of this optaco-acoustac indicator. The circuit of this indicator

. daffers {rom that of the pas-analyzor ia that ths absorber here ia a layer of cartoa

Llock coating the walls of the chaaber aad the meabraae (5) (of metal foill. Under

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6
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|

. modelated 1rrediatics of the laver r;l carlea tlack, the n}.aol;.(iu;, varvizg witd tke

nodularion frecuency, proioces as alterzatisg presesze 1a tle crarder, actizg ca tie

dl

// \\ \a.)
<) \.’)

f12.137 - [naseen of Preasatic Jzdicatez Frg.:%8 - Prematic Trerzal lidncator:

1. hode of sadiceteor; 2- Casler of
1sdicater; - Acsoriizg fila: 4. lifra-
red filter: & Irzcicatcr file; $- Qass
vedze; T- Tuie: &- loser chasier

stk fiter
a) Qaazer, i) Fiia: o) Fiter; d) hzdow

west rane (6), stack 13 zecorded ta xeaas of tle reproducer cr telepbose (§).

m. e
¢ Preunatic Izdicater

\ Figore 157 paies a diagrax of 2 joemmatic whicater. The ctasier of sact as

1ndicator 15 filled witk firely civided carioaized plast Diler sud, <o atsorhiae

" radiant ecergv, is Leated azd cauves a variatics ias

__chaster. Tie vznaties ia gas pressare deforzs the filx covenzg tie chacier. fros

ite sressare o1 the ras ia tie

" the degree of Jeforratica of this faia, the valze of tie radiaxt flax caa le esti-

7T mated.

Scch svstexs of preuxatic irdicators were foasd to tave iaadegeste sexsitavity
" and statiiity, and tterefore isdizators of arotter desiza were develeped.

) - Figure 158 sbows amotter Zesigm of tie therxal socmatic ivdicates. The solid
T metal tody contaiss the air- or gas-filled chmber (2). 3t coe end. ttis chaaber
“is closed Ly the filz (2) whach alsuvile the radimt emergy Sinlasg it tiroegh the
iafrared filter (4). Tie catlet fros the bomder as clesed ty ths fila (%), skzch

" is defcraed wader ti~ actica of the expandizg gas. Taos the filn (S} := this le-

- 1 .a the elemeat that secords tte redimat eaergy atsoried v the iadicator. T

B STAT
X9

Declassified in Part - Sanitized Cop roved for Release

50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6

deformation of the indicator film (5; is observed Ly en interferometric device {the
glass wedge 6). To equalize the pressure and return the 1ndicator file to the neutral
position after cessatian of irradistion, the slend.r tute (7), coraceting the
chamber (2) with the chaster (8), is used. The pressure in the chasber (2) is
enualized through this tube in ) sec.

The filos are prepared frow a colloidal mixture and are very ehan, The thicke
ness of the ataorbing film (Lase) is only about 0.05 p. The fila is coated CHAPTER X

AUP A al ENT AN ¥C \
(*Ylackened”) with a layer that ix o good sbsorter of infrared rays, e.g. satisony. LIFICATION OF PHCTOCLRHENT ANE THER¥CELECTFOUQTIVE FORCES

The indicator film is not “'blackened” and its thickness 18 still less, as sssll as Section £6. Purpose acd Classafication of Acplifiers

0.03 u. In later designs of indicutors of this tvpe, photoelectric methods were

. . In practical use, the radiant emergy to te recorded Ly an 1mdicater is fre-
the indi-

used for recording the deforration cf the indicator film. In this case,

) quently so ssall that it 15 difficult or evea izpossitle to utilize it directly 1a
cater filn was made in the lorw of a flexible wirror, reflecting the light ray f{roa

) .  various devices or vechaniszs. Iz these cases, the radizat eaergy is first com-
a special light source. The thickness of the Lase of the absortiog film 10 these

R ) verted into electric energy ©ad 1s then aspiified tv xcass of spccial asplifving
indicators is as small as 0.01 u. The indicator film likewase consists of a tase

X circuits whose Lasic elemeat is uscally as elacisom tube.
of about the sare thickness sand of an alumines film, deposited on 1t as the re-

(' The trensforsation of radiant eueryy is accosplisbed by meaas cf various 1adi-
ilecting layer.

A L. " cators, whose reactions depend oo the valme of the radiant encexv picked up. Since
The sensitivity threshold of pnewsatic indicators is very high, reaching

) . the radiant emergy 13 small ead its conversion takcs place at low eificieacy, the
10-19 watt. The tiwe constant Ty ¢ is sall: only a few malliseconds.

. “electric energy cbtaised 13 elso very ssall. High szplificatica cust therefore te

" used, which in som= cazes reackes buadreds of thousands or eves honareds of aallioes.

‘o The pars=sters and characteristics of the azplifiers mest cozrespond s the

" character of the radiant energy received aad to the iype of indicators that cosvert

the radiani snergy into electric emergy.

The axplifiers used for axplifyisg ph reats and th lectromotive force

" are scbdivided, accordiag to the power supply used, iate AC and UF amplifrers.
- AC azplifiers are :a tera clansified ista tvo main groups, low-frequeacy aad
[

" high-freauency asplifiers. I3 amplifyisg photocurreats and thermo-exf, low-
. frequency aoplifiecs are ordinarily used.

Pss1stors, chokes ot transfoicers are used ia the plate load of l°'-‘"@u§TAT

a1

v
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sapls f1ers, ond accordingly, such acplifaers are termed resistaace, choke, or Lramse

forxer asplifiers.

Occastonally, ccat ined circuits are used, such as a rheostat trausforuer.

Aepiifiers have diffevent {reorency 1o specasl troad-tard smpli-

pasa-tands.

fiers, the mdth of the fregueacv land 1s a11lions of cvcles. Sotetines, Oa tbe
other band, the pass-tand 1s seasured onlv 10 tens of cveles.
£C a=piifieis ure subdivided 30%0 LER toF Leped
arplification with conversion of CC voltage 10t0 AC, and plotoveltaic.
Several stages of amplification, connected 18 sequence, are used to ottars bhigh
avplifacation. The last or final stage of asplificetion 1s gecerally osed for agplie
fy1ng the power, while the precediog stages are ased for azplifvinz the voitare. A

push-pull scplification carcuit 13 often used for the final stages of am aagiiaer.

Sectinn 87. L £ Aonlificatics

The sinixum values of the current and voltage that can Le mplified are de-

termined by the noise at the axplifier output. The co1se eaf limits the manwm

stack as 3

Te =o
Te =p:

v photecurrents azd volzages,

2llowable asplification factor.

rule are vervy mali, bigh =pli an f{actors (up to 10%) are aeeded. The reduz-

tion of noise is therefore verv since normal amplification 13 sossible

1sportant,

* - only where the wplrfied voltage (or current) ia sreater than the moise voltare.

te— Noises are due to external and 10ternal scurces.

* - the entire smplafier and the lead caircurt are carefally shielded.

sb21l =ccordingly term

them extrinsic and intriasic naises.

Es.triasic norses are caused by elcctnic or sechamcal sources. The noises of

eiectric origia are due to inducuion by electric power plaats, electnc arcmts,
:gnition systess of internal corlastion ecgpines, and other devices,

trosotive forces ia the output circuat of the aplifaer.

or due to elec
To eliminate such noise,
heliatle rovieg

costacts ave iostalled for the shaslds, siace poor coatacts nay increase the poise

" buadsods of timas.
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No1as3 of meckistia: cTIFAN are See o weckasical sad accustsc 13ilvesces oo
the enpladser, aed 2k gazticnler ca the acglifier tales. As 2 zesalt cf sact 22-

flrezces, te s-called mrengtese effect of the rales mev appesr. Tiis mecranac

tates tle cae of theas alicrieTs ior the estise mglafrer ae? ats 1ndavadual ele-

rerts, partieniailv tte wplifrer ties.

Eaez 3z the atiezce cf eatriisac woise, mplafacatica 25 32l w02 wilimatec,

1o fact, 3t 38 lisated 19 1RA aL10018C acdse dre to the elemerts of Uz =rlidser

atself 223 to 1ts searces of power mzsiv. lrtrizsic szases azelade:

Gicks awd maves dze 1o Gedecrs 1s tte arstallanies 122 contacs]
Weise 1 tte aoplifier due to ats jover sazzlv soarces;
Qsc1llatioa Bt to parasite feeciack setmeer tle 1ziavadcal stapes:
Thermal 2r2tstica po1se.
To eliritate 1lese wrsch, Frruiceiar :tueztita TEst te 3s1f 1o pIUeT 1zstad-
laisca, reirataiixy ¢i toe ccatacis, elisiezties of feeccack, arz mpality ¢t e
parts. ¥hea the jower =iy as AC, reiraie filters mast te z3ed: w1t 2 IC zever
Tezprlv, .".a"}e rse-iTee SLOTRIE IOLLETIES 2TT receired.

Trersal 2atatice mase 15 Jae o flrctraticas 13 tte electric cxITEst- Scerces

':ol sach Amike nre o paris a=d tases of tte acghrfier, cr ci e stctcelenent iz tle

T case of grotoelectric arceits.

Nopse crimestiss 1a the radas part of rte mgplifier as cxsumaniy alled ar-

Tie stroagzest 1215€ 271328 18 1te resistcrs. Noise CIIAIAtILE 1x tke

_totesas called tcle tass.

. Thezsal aptatios scise is ay coadecizy 15 camsed *¥ tte chaotre 21530 coemeat
‘_o{ electrons wmader tzerwal wotiva. Tie chaotic mcwesrat of clarpes §redvoes velitage
= flectastioa rt 1tz eads of the =mire. Sisce there 13 alsays a tesiaiiz of ciber

_"_né:o part {esracater, ccke, trmasitrwer wizdarg) ac the wplificr 1ggas, » iixe-

"7 teating soltage epters the mglrfier 1:put, casnieg 2a mpliited sorse Toltage at

i ~ the xoplifier ocrtywt, whack 1z3ats tte mouvm vaioe of the wseini amplifned sygmal.

The vcitage prodeced ly the 19tr172€ 2018¢3 of & 1csister coa te ulc-ié'-‘ iy

TAT
23

e s+t B AU bt o R g = T
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the forwuls
. 1
LA VRM (173)

where U, denotes the effective value of noise voltage 1a macrovolts, coapesed of all
the noise voltages mth frequencies lying 10 the tand &f (the frequency tand of the
asplifier 0f is expreszed 1n ko), while B 15 the resistance 18 k-ohe.

Tabe h1ss 1s caured by the noaun: fornity of th: electron flux producing the
plate curreat, or the so-called shet effect. The direct ccaponent of the plate cur-
rent is superposed by an alternating cozponent due to the nonuoiforsaty of che flex.
This results in noise voltage at the tul.e output.

Noise due to the shot effect occurs in vacoum photoelesents, evea under constast

- irradistion.

Tubes are scmetimes characterized Ly the value of the resistasce eq—\li'llm{ [73
the noise produced (noise resistance).

The noise resistance B of 2 triode is inversely proporticesl to its tranicoa-
ductance and is expressed by the relatioa

R, - 1.35- 3
" chere S iz the transconductasce of the tniode in ma/v.

%hen a tube has severai elecirodes toward which aa electron stream 13 fiowing,

the thermal apitation no1sc iacreases strongly. tor this reason, the teise of &

" tetrode and pratrode is several times {3-5) s preat as the noise of a triose.

Sestion 88. Azplifier Characteristics

Low- fregnency DC saplifiers ass characterized by the folloving tasic uas-
“tities: soplification factor, input voltage. or axplifier sensitivity, sct aoiae of
~ the amplifier, power ai output, frequeacy characteristic, and distorticas istroduced

by the smplifier.

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6

The anpliticatscn factor 1s 3 quustaty Fitiag e ratic ol the wiput vaitage
U g 0 the 1anut voltage L), of the soplifaer. The aaplyizeatiaa fecwor 1s ex-

: pressed ty the cquatics

The value of tle mglificaticn pav dlzctiate cver 3 very wide ranpe, fros tmits
and teos {1 los-frequezcy amplificatics 1a receptors) to tundreds ¢f wonsanis and

[ atutetuietteinh bt

[ 1

! L JL/ T ~F

o Y e T ot
9 o Lid ) 2.5 &) e
! o) I

| U, ? ISR S S

& +) @

Fig.130 - Flox 4 2 Welsisesrs Asplifaer

a) Agglifier output; i) Acglifier azput; ) Acplafaer;
d) First scage; e} Second stage; D Tird stape;
£) ot stare; 1) Load

even tens of =1llions asé zore (iz special aremats for asplifraap photoceriests
.ud therzo eaf, which ia sone cases require exceptionally t1gh amslification). ia
-wcer waplificaticn, whick as effccted 18 the catpot or fizal stages, tte axplifa-
. caticn factor 13 gemersily used ereiv to aracterize thte prelirizars staiges, Je-
‘-—npcd to zzplify the voltage.
- for a weltistage amplifier whose tlock dragraa a3 shoun 1a Fip. 159, tre total

aplification factor (by,.) is defised as tie prodact of tre mplification facter

B of all st-jes:

LI T B R

The poser at the cotzut of aa aplifier i3 harsctersred ty tte valie of tke

| sanisus peest st coz le obtaiaed from the awplifrer. reoording te the ;“E?FX of

213

e e+ ot e LA A A B AP e AR b AR A AR il o7 S
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Ve s PSS TRTESTSSMALT LM ST

"' asplifier, its power way range from a fractioa c{ a watt to s knlewate. o arpli- | T: recuired frecaescy lanits sad deyree of vaniaties 1a the amplification

e .

fying photocurrents and therzo esf, the output power 13 tsuaily sacll. This parame- factor are cetermiced ty the surpose of the aaplifier. Figure (50 siees 2 typ1cal
[ inl haracterizes the final output stages frequescy ctaracteristic, 1edacataza tte selztios tatezea tie xplificatios facter b
er vainly ¢ .

R - d tre f7e7 B { f,
1a asplafying photccurrents and therzo exf, ¥V high seplificatinns zust citea - - 22 e fremency 1a the sasge from £; to iy
Le used, in view of the wsaiil value of the input s1znsl. The thiestola sanmatasaty ‘ sRGacated.

4

of an weplifier 1s charuccerized Ly the mnmnam q:"ll'—-h The pass-tand {07 aa AL amplifier corers

voltage st 1ts input that it can wplafe. The e a s1de razze 1ad pav te frem a fes tandred
43

| threshold seasitavaty depends oa the tvpe of ampli~ .}..y & r te 3 few mallica cvcles. Tze bcocdanes of
\ Ead
. /l \

- e fier, nueter of stages, elaamnts of the ciromit, ehe frecneacy tend 2av ie {rom a fes cvclee,

Fig.161 - Sctesatic Dangrau of
i- sser tomnd 34 i-
Fesastor-Coopled Aeplifrer faz 1ustaace 3-10 (loser tomedare aapli

-
I U SN B,
3 f  and manv other factors. Ooe of the factors lix1t-

ing the axplification is thz noise at the aplifier - ficatice f;) to a few mallice, 2 = v,é

£12.160 - Tvpical Frequency

input due to 1ts 10pUL CIr(Dits. As already cvcles ivpper toandary of mplificatica f).
Characteristics of Aplifier

Aa aplifier -svalls Zcer wot mave the

stated, the resisturs, wimes, and tutes produre sme axplificatica fsr all frecueacies, valzes, and s2xpes cf the s1zzai ler iztre-

- certain ncastotionary random eml which, eateniog the arpirfier iopat, is azplified Zaces a certaan distortica. The distorticas zav te Zue o tie follomig camses:

d‘md produces ooise at its output. Thus the zet ncise of an ssplifier 1s one of tbe Isccastascy of the auplificatics factor at differest frecuezcies, resaliiag

.—prine factors liniting a=plification. 1a {resuescy histerticas;

— The degrce of sensitivity 1s capressed Lv the voltage, in mllivolts or micro- o Noalizesrity of the characteristic of scae mplifiar elesest fe.g., o tabe);
.~ solts, which must be icposed on the inpat o Soin normal asplification, i.e., to Apeazzace of jhase shafts tetaeea the Tarions cccposeats of the witsze to

T zake the amplified signal greater than the voltrge due to the set moise of the te apiified 1phase distdreieas);
- ~.-.-plifier. Arpearance cf varicos scoststicoary processes is tie asplifier ciromits.

The sensitivity of amplifiers 13 usaallv ceasuczed in mallivolts, wicrowlts, or Accordizg to the prrpose of the saplifier, the role plaved tv 3 givea type of

~even in fractions of a microvolt, according to the purpose of tke aaplifier. Photo~ " éretorticn rav disfer, sc that the prixary effort is amzlifics desiza is to exclude

clexeats may produce voltages of a fraciiom of a millivolt at the amplafier isput, © . the sost madestrsiic Fatortions.

" while thermcelezents in 30m2 cases geaerate aa eaf of only a fraction of 2 micro- - !“" as now coasider the varicus sethods zad arrasgezeats of amplifrizg phote-

‘volt. The critical sensitavity of amplifiess and the leve! of the set noise go as carrests and therso eaf tsed in 1sfrared rechmology.

Tlow as fractions of a microvolt. K

T Sectica §9. Lcs-Frecnence Fesistor Anplifiezs
{ - The frequessy chssscicristic, the frequency range, or the pass-taad characterizes -

- . Te resist 1 . s i2di
the frequency regica 1n which the asplificatios factor fluctuates withra ssmagmed L. or mplifiers, the plate caremst of the jreerdiug ssage 18 isdirectly

. cnupled math th d
and usually narrow hmats, . pled math toe gn1 arcut of the follomeg stage across 2 apecitaacs, e that STAT

a
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only alternating voltage reaches the grid of the tube ’ ’ seplifrcation of the stasc csanot le bigher thum the product Sh,. The value of the

The tube of the final stage, like the useful load at the cutpat, ia woat oftea plate resistance b, wm3t cot esceed a certaia valze. 3izce too Miph ¢ remstzrce fy

coupled with the preceding stage across tronsforzer, since this sakes 1t possitle csuses a consideratle voltage drcp scross it. Fesides th1s, excessive Zistartiozs

to catch the parancters of the Jrad »nd of tte asplie are created on the resistors vhes tetiodes and pestodes are osed 18 wrplatier cise

fier tule 10 a rather sispic wav. curts.

The circuit of a res)stor-covcled ssplafier Since thev Fave o wicde freaveccy t2ad wathest histertice, 1le resistoroccupled

(theostat carcurt) 1n Fig.161 is characterized tv saplifier stk a capacitaace coupling 13 alwo wsed o apglif: palsatiag voliages, 1f

the fact that the ohpic resistance A, 18 heie used the constaat conporest of the pulie 15 csall. Soct as asplifier sav i predenatie

as the useful plate load, while the coupling mth over a DC smglifier, siace the latter as asaally more conplicated and tas bigher

Fie. 162 - Schematic Diagraa the preceding staxe 15 efferted across the cafaca-
of Impedance-Coupled
Acplifier

crse, Jue to tte shifts of tte coostast corposent {cf tYe zere lizal,
tance C‘. B
Sectica 0. Lea-Fremuecev Ispedance-Conpled Asplifiers

A carcuit of this tvpe wplifies a wide fre-
quencv bacd without distortion, but has the disadvanteze that 2 high vsltaze arop In the 1xpedance-ccapled amplifier whose ciraurt is zicem 1 Fiz.152, a choke
—is citzined at the resvstors R, - Lz plate voitage. 13 used as the useful plate lcad. Ja thiw case, tie chmic resistance 38 supple-

The alternating voltage obtained across the remstors R, 18 fed to the zx1d gy wzeated tv aa ixpedasce L, ench covrletely easares aplificatica of tke alterasatiag

_7of the tube of the following stage across the Ly-pass czpacitor C‘ whach, passicg ' voltage. Tte courliag witk the followiax stape 13 accoupiashed scress the capria-

Arhe alternating voltage to be mplified. eliminates the influence of the constaat ; tance 'Tr

" component of the plate potential of the firat tube. - Circaits of this type mmplifr los {requezcies, tat reguire ratber coaplex

. The value of the capacitacce C' is dotermined by the ficcuencies to Le ampli- © chetes, usazlly wath aa irce ccre, aad iatroduce Jistertiess due to the aozmnifors

N _iied. and usually ranges from 10-3 - 1 uf. The resistance B,. connected in the grid | —wplificatios with frequeacy.

,::ircr.it, is equal o hundreds of thousands of ohas and is usually § to 10 times as te— By caparisoa with rhecstat circaits, they Lave the admataze that 2 mificieat
_grent. as the plate resistance. Since, in this cirenit, the interstage couplings do drop of the altersatarg voltage is produced across the choke, doe to 1spedasce,
" hot in-rease the voltzge, tubes with high acplification factors (u = 25 or sore) are whale the cwasteae plaze wsltage is Zecreased oaly very li sizce the resistasce
“nsua‘.ly exployed, most often triodes, hut soactimes tetrodes sad peatodes. of chokes is low.

The values of the plute res:-tances are detecwaned by the differeatzal iaternal : Gircaits using 1spedance-courled azplifiers are rarely ssed teday, leccase of

" resistances of the tubes (8;).

For ordinarv triodes, the plate resistaace is takea the fact that a choke is asmally 3ore coeplen and expeasive thaa s resmiszsr; ia ad-

P Y

— 1 : P

- Tequal to about 28;, and for tetmdes aad peatodes frea % B o ;Pi. Although _ditaca, these circuits, as already stated, bave » le:s zanfara anplification over
. tetrodes zal pentodes do kave a high valae of u, they cancot vield a high azplra-

t e frecoe Lead . -

cation for the stage, owing to the coasiderable values of R, since the critical -

e ot e ot b et « U S T4 S TAMAAALn et MELLRLT LS VAR S 00 T SRR
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" Section 91. Low-Frequency Transforaer-Coupled Asplafiers

Transformer-coupled aaplifying circuits, or transioreer circuits, coe of stich
‘u shown 1n Fig.163, are widely appiied trdav for smplifving low frecueacies, teiog
nsed for seplifving not calv the voltage tuc
also the pover. In these cirwuats, the
stages are coupled tv seats of transforwers,

thus allowing the paraseters cf the verious

circoits of the avstes o le wost raticaally

aatched. This 1s partacalarly irvortaat 1a

Fig.163 - Schematic hagram of

 Couplad Aplifier

pueer azpli fication, shen the follomnz
stage say produce 8 load lue to the preseace
of grid currents; however, even for voltage azplification, shea there are usually oo

grid curreats, the tranaforser permits optimus parsscters af the lo2d circuats.

- Transforcer-coupled avatexs also allow a him.er mplification factor per stage
"~ because of the transiorser factor, and mve a rather satisfactorv frecmezcy charac-

" teristic of the acplifier.

The «ra-2s are coupled across intesmeliate transforoers, wii1ch usnally Lave a

‘i‘-!uﬂf‘)mﬁﬂn factor from 3 to 5. Like the choke, the tra.sformer, becanse of ita
. _inyed:nce. represents a high resistance for the altrrnaung comgonent of the plate
Ltcnrre.nc. At the same time ihe transforaer, because of its low resistance, produces
4A:—.a snall volrage drop due to the direct crsponert of the plate carrent. Tius there
i ""is no marked reduction in plate currmnt, produced ly drops in the plate load ia

' "“teansformer hookups.

- 1n transformer syatems oot oaly triodes are ased, hut also tetrodes, d

- pentodes. The aoplification factors per atage may reach a few teas aad evea tas-

H.
(‘ _ dreds.

-3

The use of trensformer ayoiews is limited mainly by the fact that therr smpli-

fication is stall dependont on the frequency. then a uniforw aeplification without

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6

€ - . - . e —m - .- - R
. distortion 1a required 1s a bread {seqeescy taad, traaslcne -ccupled circuats are

-muulle. Hosevrer. ttey are very cozvecaeat 1& siataaces skere vuiv & garrce ire-
wmency taod ceed le amplified.
To ctta3a mre wzafors wplificatics o a tread lievuezew tsud, wmlitaed
thecsras-traasforner svateay stk emplificatice (Fre.l44) are taed 11 wae cases.
Ticie svstens pase tetter apiificatise
Ui tie low irecuescies, zelatise to Dasiere
tica, 23 also elizizate the nagretyzatiis <1
t.e traasforrer core tv the Zirect coupiaest

of the plate cs reez vdrck ccxrs 3s pxrTe

veamsforrer-coapled svstos alicz the pzisarv
wirdize. The nair advaniare of rieostat-
F1r..564 - Sctesatic [iagram of
‘. ~ traasi. -coupied s
Hecsiat-Transforaer-Coopied rzaaf.;Ter-coupied svitens cver otler types

Aglifia
13 that, lecsmse cf the trzzsfcrser, tte

azglificatics per stage cau te jrcreased, tte parmeters of tle svsies coex te
_lrosebe an therr cptina valte, aad powec swpisficetiza co= i effeczed. Becsmiz of
“tke iow Tesistarce of tke tracsfcrzer sizdizg, Qe witage Zrop Jge 10 tie passage
_'7of correat mll te les 223 wall 1xpose no liwitazicas os tee wnglificaticas.

Oa the otber baad, ttese svatezs alzo Fase therr dizsdmziages. Tiz saus Srnae

"___!adu are therr cozplexaty 1a ceaparises wmitk the rrecstat or trsasicraer-coupled

":svna asd the considerazile voltagze drop acioss ke resistors, Zze to passage of tte

" direct ccapoxeat of tke plate carreat. Otber dasadvastages of the rhecatat-

’ ;uusf:mer-m:pled svstew is the frequcacy Zepesdeace of aplificatica, linitiag |

- tte raage of frem~eacies w le =gpiified, 2ad a certnn ipcreazs ix ke ccst aad

' _'u:q.\hulv of the arraagemeat. Tre raage of frequrzcres iplified xay e frce

TS cycies 0 ¥ % 12% cycles.

Trrodes, tetrodes, aad pentodes are esed iz trzasforser-coupled ststoms.

Tio tection §2. toweFress-~cv Pest-Pall Aolifiers

- The so-called pesh-pall asplifier azomt, stcen an Fig.25S, 13 as aagreved STAT
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0.
Sectiun 91. Low-Frequency Transforaar-Coupled Axplaifrers

Transformer-coupled saplafying circuits, or transforper citcuits, cne of stick

)

1s shown 1n Fig.163, are widely appiied thday for asplifving low frecuentnes, telng

used for sxplafving rot c2lv the voltage tun
the

alno the pover. Io theze cirewuats,

4:3
stages are coopled tv seats of transformess,
thus allowing the parsseters cf the varvous

circuits of the avstes to Le most raticaally

matched. This is partacalarly iccortaat aa
Fig.163 - Schematic Diagram of

Transfcrmer-Co

porer asplification, wshen the follomanr
........ oz Coupled Aplifier

stage say produce 8 load due to the presence

of grid currents; however, even for voltage asplifization, shes there are usually o

af &

grid currents, the transforser parmits optumus parameters 2 lozd carcaats.

Transforcer-coupled avstexs also allow 2 hig.er mplification factor per stage

" because of the transfurwer factor, and muve a rather satisfactorv freanescy charac- r
" teristic of the azplifier. ’

Ths <ta-ss sre coupled across 1interealiste traosforvers, wlich usnally Lave a

d_il.nnsfum:inn factor from 3 to 5. lake the choke, the tra.sformer, tecanse of ita

’ T iepedance, represents a high resistance for the altrrasiing component of the plate
3 —

_ currenc. At the same time he transformer, because of its low resistancs, produces

"Ta small voltage drop due to the direct crspeaent of the plate carrest. Thzs there

" is no marked reduction in plate carrent, produced Ly drops in the plate load ia

"“transformer bookups.

In transforser systems oot only triodes are usad, but also tetrodes, aed

) pentodes. The aoplification factors per atage may reach a few tens and evea bus-

5 .-
( - dreds.

The use of traezformer ayaiess is limited mainly by the fact that their smplic

5.

fication is stall dependent on the frequency. then a uniforw aeplafication witkout
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distortioa 1a recuired 1a a tread {sczuescy taad, IIMI{C;\’!":GJWIM (l;ml‘- are

asscazatle. However, they are verv cozvesaent 1a izstaaces sbere Li7 a garrce fre-
wmency t20d reed te asplified.
To ctra1a more szifors soplificatice of a tread loewwezew tiad, wmirsed
shecsrar-traneforuer svetens 91tk emplificatics (Fig.144) are ased 2z woe cases.
Tlese s33t203 gise tetter agiificatize
i tie lew ircmescies, zelatase to S1slor-
tica, 23% also elizizate tde sagretazatiia i

t.e traasformer coze tw the firect cxaisaest

of tte plate cs cezn dirck cocxrs 3s pore

vyp=sforrer-ccapled svims alice the prizmary

wirdize. Tie nars aérzatare of riecstae-

-Ttan f.;tez-coopied sesteas cver ctler trpes

Asziafier

sformer-Coopled

1s that, lecumse ci tie trazsfcrzer, tte

amplification per staze cau le izcreased, tte rarazeters of tle svsiem caz le

romebt mw tberr optizes valie, aad poses supisfresticn coo te effected. Szesmie of

T the low resistarce of tie tracsfcroer viadizg, Uz woitage Zrop dge 0 tle passage

"_of cerrest w11l te lcw as3 wmall 1xpose o limitaziezs oa tte gl ficatices.

Oo the otler Laad, tlese swatems alzo rave (Yerr fizadraziages. iz sare drae-

_;E-\c'xs are tterr cospiexity ia ccaparisea mith the svesatat or irsosicrier-cospied
Tsvstem and tte cocsideraile voltage drop across the resisters, ‘ue to jassare of the

" direct coapozest of tte plate carrmat. Otker cisadvastzges of tke rheostat-

__'uus{:mx-co:pled svster is the fremueacy dep=adeace cf agplificatica, lisiting

© tte raspe of frem~acies o le =gplified, 2ad a cerima jsereaze 23 the cost and

_uﬂpleuu of the arraagemest. Tire raage of frecuzzcres iplified xay te frce
©_5-10 cyeles to 2 x 185 cycles.

Triodes. tetrodes, sad pestodes ere esed 12 trzasforzer-coapled srstees.

T Cectiom 92, lov-Frecs--cv Pest-Pull Aplifiers

Tte so-called pash-pall asplifier azaat, stons aa Fig.155, 13 as asgreved QTAT
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transformer-coupled carcuit. 1n this arrangemsat, the voltage W te aplified is fed,
. \ . ~
an phase opposition, s1oultancously to the grids of two tubes. The alternatiag cow

ponents of the plate currents arve thus obtained with a phaze shift of 180°. Fhea

ve vyl —
. II
-
S
.

~v-.wi1

N

Lot

(b

Fig.165 - Schematic Ciagram of a Posh-Pull Awplifier

the alternating components of the plate ceirTents ;358 thrench tvo sye=etriiel halves
of the primary manding, the enf of each is given the same direction. As 3 resalt,
the voltage induced in the secondary sinding of the vrznsforrer is doubled.

- Push-pull circuits have & number of sdvaatages cover ordizary acplifying crr-

"-~ cuits. They have less distortion, and ttz even hurwioics in the plate currest are

. a -
~ eliminated or cousiderably attenuat( 3. tor thas ressoa, a higher andistcrted gower

can be obtained from the tubes.

: The tube circuits are indepesdent of the feed voltage, because of the matoal

compensation intruduced by the tube.

The tranaformer 1n push-pull circuits operates 1a such @ ¥ay that the direct

‘co:nponent of the plate circuits of loth tubes produces magmetic filuxes of opposits

directions 1n the transformer core. Due to this fact, the core of the u‘ans{ornel'
- ERY P 3
is not loaded with a constant magnctic flux. This cakes 1t possivie o turld the

- transfeomer lighter and cheaper.
) Push-pull circeits are used for seplifying slternating curreats, esgecaally am

] the output stages, whea high power and low distortioa curt be obtained.

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6

for rore efficieat operation of push-jull upliiierl; greatest poulll‘e svymetry
tetveen the two bhalsaa of the carcust 1s required, paying special attentica to celec-

t20n of the totes.

Section 93, Direct-Curreat Acplification

The wylification of direct or slosly verving cursent and voltage isvolves graas

arfficultien. If the voltsges and corrests to k2 azglified are of the direct tvpe or

Fia 145 - Valtistege LC &eplilien
a) Outpac; b) Input

have a very los frequeacy, it 1s 1apossitlz to use a circait is whick the tebes are

coupled acrczz a capacitor or transforwer. Ia these cases, special and sceetizes
- cocplicated systems sust te used. If a msall arplification of direct or alterastiag

photncurreats is reqoired, then the ose-tale photocurreat amplifiers circaits dis-
cusxed below are entirely suitatle fer this purpuse.

Soaciises, the difficultics concected with amplification of direct carrest,

make it neces~ary that tke acnzce of eccrgy incidenk os the iadicetsr zast first

sodalated to give an alteraating currest or voltaze, which cam them te e=plifisd
) the usual type of AC aplificatzea. Such a metbod of sxplification may te wsed
’ shere the indicatry hus a low sluggishness aad bas a sufficieatly good frequezcy
i charscteristic. im some cases, only the direct curreat or voltage 13 amplified,
_canse »odulation of the incideat flux is impossitle.
1a thz asplificatioa of therso eaf, the difficnlties are evea greater, because
of he smaii resistances of the soarces of thie voltage to le anplified; tharafore,

special wplifying circoits sre wsed 1a this case.

STAT
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Direct current way be arplified by coabining several stages. This as the
called carcuat for the direc? amplification of direct current.

In some circuats, the Jirect voltage 17 onverted into slierr:
is then further ezglified Ly the usial caircuats for the asplification of a lom-
frequency alternating current {Bibl. 16).

In sddition, special circuits sre sometives used to asplify direct currest, such
as photovoltaic mplificaticn circuits, which are characterized Ly the fact that

therr principal codponents are galvano-

meter, photocells, and ezplafving tutes.

Section 94. Circuits for Direct Asphifa-

cation of Direct Current

gatioh OF A e —

To a=plify co
1pg carrest =3 well as palzating cur-
Fig.167 - Two-Stage DC Asplifier with
Voltage Cavider (4 Increase 1n Current
of First Tube Increases the Current 1n
the Second Tube)
a) Input; b) Qutput

rents, cultistage direct aaplification
amplifiers are used (Fig.165). To the
2aplafier 1nput any deszzed DC volrage

cay te fed. The loads 1a toth grid asd

" plate circuits are pure resistances.

In carcuits using direct amplificstion of LC, with direct interstaze coupling,
Tall ek voltage drop across the plate resistance of the preceling tule is fed o

the grid of the sub tube,

, for the sul tule s operate uader
the required conditions, an additional voltage ia coanccted into its grid carcuit,
deterwining the grid potential and, consequently, also the plate curreat of the
tube. Un variation of the plate curreat of the preceding tube, the grid poteatial
and plate current of the tube of the following stags also very, ani so oa in all
atages.

Each :izge is fed either from a aeparate Lattery or from a comon voltage di-

vider,

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6

fraures 167 sad 155 ahow twe louheps of teo-stage LC asplifrors fed from a
voltagze divader. One of thes (h1g.157) ppves L£C aplaficatice sbea the 31508 of the
veriatico current at the cutput agree, 1.e., 1A stas Fockup an 1acrease 1a voltage
st the erglifier 13put ceases the glate voltage cf the secoad output tale to iacrease
also. The second hoobup (Fig.i%3) has the cpposite effect: Ao 1acrease 1s the

voltage at the asplifier 1aput 12 thas

tookup corresponds to a redoction 1a the

plate cerrent cf tte seccod tate. The

drevtacks of thesz circuits are z3 follows.
First, the ceed for a high poser-

supply voltage, -hack as osually felt in

caltistaze beohops. The valae of tas

Fiz. 155 - Tro-Stage DL Amplifier wath

Yoltace Tnvider {Aa Iocreaze 1z Currest voltage lizita the value of the plate
£ :ta Fi PP s -
ot e o;l:;el;;::;:::;‘ tie Curseat loads wd thas also tbe amplificatios of

a) Iapat; t) Output the circusts.

Secondly, the dizect coupliag ¢f ail
stages of these circuits mav lead to the appearance >f osczllatioa and iastability.
When the feed 13 from a voltage divader, Sistcrtices of the voltages teing amplified
are possi_le, omiag to thexr redistritutica oo the divider through sbick the cur-

" rent flows.

Thirdly, suck hookwpa aapliiy oot only tke signal received tui also all rasdes
sorre signals, toth external and soteraal, shack likewise limats the azplification.
Tte set noise at the a=plifier 1npat, due to the coizes oi the resister asd
the tube, greatly lcwer the asplification factor aad the seasatiiiiy of tke Fackap.
These circuits cas cperatc oa ordisary amplifier tuces, tricdes, tetrcdes, and
pentodes; 'owever, these tates bave a very high istersal resistaasze, which makes
_at drfficult to use then effectavely ia such circuits, tecsuse of the lizitaticas
isgosed by the value of the feed voltage. Is additics, tebe biss of tetrodes asd

peatodes 1+ brgher tham ia triodes, vaich also lamats tieir usre 2a LC aanlificauson

o e P« AT MR (AT VA MM (AT MM AT A e S
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A nitrepack cunsists of tiree xain elemestis: a sitrating reed with a cnatact A,
circuits.

A tub, h a high resistance of the grid-czthode cascurt tas Leen developed aatisg mzh the fixed eoatacts £ and C; tie excater wmadiags G, caasiax tie seed te
ube w1t 1 €3

- 151 vitzats at a certars frequeacs, aad » perazzaent nagset,
especially for asplitication and peasureaent of very los currests (914 to ) :

1017 amp).  Several of the hookups 18 which this tute 13 used are descrited 1a Sec- The ~xciter vandiag of the conserter 13 fed v AC from tde siewer laae or fros
2 sgeciai geaerator.

- The [€ :oltape to te 2rplified 13 fed tv coe fole %o ~ke cestral gorat of the

Section 95. Azplification Circunts of Direct Current, for Conversion to

traasforzer, and Ly the ottes to the viiratiae res? sith the cootact. Mhes tle cia-

Alternsting Current (Fitl.16)

verter 13 excited, the voltame teice amplafied arrives first at cne :alf ot the

To azplafy direct current, convertes circuits are used, 1z shich the voltuze . E 2 iapot trazsformer 2ad thes at tre otter alf. As a resslz oo
(current) fed to the zoput 1s first converted 1rto alternating pzlsatice voltage, and altercatiaz correat and a magaetic flax are predeced 13 tie prizars wizdrop cf the
transforser, shich 1nduces is the seccodare wizhiae of the trazsésrzer an alterzaniag
emf which varies sith tte fregueccy rate of closmre ¢f the cncverier ccatacts. 1a
such a svarew, the wolteze tciag ssplified 1s faily cuiized, sisce 1t 13 alocst cie-
tinacasly fed 1o the fivst or seccad kaif of tle rrisaiy siadiaz of e zapet traas-
forser.

Ac advantage of snch svstear 3e ote saxplicatr cf all
whick zonsist of coarenticaal lce-iresuescy AC amplifiers.

The kcokups of FC amplifiers, ccovertizg 1t ta AC, are ased 12 tte aaglifica-

Fig.169 - Circuit for Azplifying Direct Carrent, Convertang it -
into Alternating Carreat tica cf very mmall Zirect currests sad voltages.
=

a) Wnding; b) Yibropack; ¢) Voltage to e aeplified; d) To
fcllowirg asplification stages [ _ Section 95. The Photoelectrca Cptacal Awplifier

v ) ~ . .
13 then weplified Ly the usoal low-frecawncy sxplification ciicuats. tor DC amplification. photselectron-optical azplification 15 sometizes ased.

Various systess are v d for converting OC iato AC: rotary cocsmtators, ilree Soch a bookup was developed is 1950 t7 Prcfessor E.P.hotzarer (Rit1.17).

Figure 170 aves a schemazic drazrea of sech an aplifier. The currest or
pachs, €ic.

Figure 169 shows a circurt with conversion of DC 10to AC Ly means of a natro~ | voltage to te measured is fed to the 1xput of a seasitive galvazsmeter. The de-

]
pack. The alternating pulsating voltage obtamted bahiad the vatiopeck 18 fed to flectica of the galvancmeter porater 13 fixed tv photccells connected 1a the g d

the pramary winding of the input transformer and then to the grid of the takte of _ ciremat of the amplafier tctes. A tridge asTaagezeat 1s usad for the tabes, cperat-

the first stage. After the required arplificatios, the voltage is fed tc the final 10¢ ia a talanced state wath tie proper voltage regulatica oa the wsbe grads. A

wcaseriag 1Astrumcat 15 coasecied 18 e dracoaal of the tridse {zorats AE oz A'8').
output stage. . STAT

b=
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1a the orzeinal gositios, 20 poteatial differences exiat tetweesn the cathodes, aad
the measasizz instruzeat abows no defiectios. At the mmallist deflectica of the
pointer of the input ga’-arometer, the currents 1acidest oa the photocells vary, thus
cansing tta rhorgens o sesv. Tne cplical averem zalvanzmetec-photocells zast

te such ttat the vae 23 ia the flazes st Loth pnotocells have Jifferent sigxs,

1.e., so that, shen the flux 1szc1dest ca cac plotocr!! imcresass, the flex fallise

e ——— o i

on the second photocell decr-vaes. As a result, the poteatials of totd grids vary

and untalzace the er1d carcuit, thus cansaeg the appesrance of a certsra gotentaal

difference 1n the diagocsl of the tridee and, ccosequentlv alio a certaia curreat to

te rrenzded by the instruseat.

. . Tre circuats of ghotcelectron-optical amplificatico persit seesurisg very seall
Fig. 170 - Schesatic Ciagram of a Photoelectron-Cptical Aspliifier

a) Gzlvazometer; b) Illuminator enf salues, jarticelasly thersc-esf, and also los currests.

A disadvanrsae of such 3 cifcuat arraasesent 1s the upaveadatle sizegashness
Cus to the resistance of the palviscceter 1apat aad of ths zoassIiza Suljal resiras
went used 1a the circuit.

o Piguze 171 skows tite cireoat of a thotcelectrea-onticsl sapiifics sata cexstive
feedback, used for decreasinm the :ziiceace of watratica aad ashiag the clrcuat sore
statle. Thre circuit is of the hagh sessitivaty tvpe. A voltage of 1 uv at the in-
put gaves a imll-scale (S0 divasions) poamter deflectina of ke cutpat seasariag ia-

strumeat.

Sectioa 67. Tote for Ves<urr-e Very los Correats

The problea of meassring and aaplifyiag verv los carreats, as low as 10°!% te

10°17 amp, is quite coamoa today. The use of high-seasitzvity galvasometers for

f1g. 171 - Circuit of Photoelectron- Fig. 172 - Schematic Diagram of a this furpose 13 ot alsays possitle, sisce thear sensitivity 15 calv 10712 te
Optical Azplifier mth feedback: Vacuun-Tabe Elcctrometer )
G- Calvanometer; IE- Thermoslemeat; a) Grid holder; %) Grid leedouz; >

}E- Photoelement; H;- Feedback ¢) Gnnd; d) Cathode; e) Plate The use of coaveational tates is limited by the fact that tke grid-zatkode re-
hesistor; L- Illuminating Lamp

a) To messuring instruzcat; b) lapuwt

10°1% aap cer scale divisica.

s1stance 1s sozelizes as high a3 108 to 10* ctms. Yoscover, the valae of theax nd

currents is cocparable to the valze of the carreats teing zessared. The gnd car-

STAT
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rents of conventional lamps are due to thriwcelectronic emission of the grid and to

ions formed in the tube Ly 1ncomplete vacimum.

A spacial tute was therefore develapad for measuring very low currents. Ths

wube is sometimes called a vacuus-tube electrometer or a tule wmath a high grid-

cathode circuit resistance. The vacuus-tube electrometer pervats Deasuring curreats

iquna

240

100
a)

05
1

I o,

F1g.173 - (haracteristics of a Vacuua-
Tube Liectroueter
1) Control-grid curreat a - 10°15;
b) Igq, ua

as low as 1074 to 10°!7 acp, Ly vning
galvonometers connected 1o its place cir-
curt.

Figure 172 shows the circuit of such
a vacuua-tube electrometer. Ia tutes of
this type, leaks in the grid-cathode caz-
cuit are alzost completely eliminated by
separating the lead-outs of grid aad
cathode. The construction of the tulk is
such that the path fcr the leak currents
is lengthesed lotk i-.aide and outside,
thus increasing the grid-cathode re-

sistance. In measuring very lov currents,

oil is poured into the space around the grid lesd-outs (A-A), inproving the insula-

tion of the grid.

e To  clude the influence of ionization, the tuke is operated at reduced plate

voltage (46 v). Since, in this case, the plate voltages are very low, the tute is

sometimes wade with tour electrndes. In thiz arrsngezent, the [C voltage 13 fed ¢

the first cathode grid, shile the plate grid is used as the control grid.

The cathode used in vacuum-tube electrometers cperatea at » ic= tozpersture.

This is necessary for reducing the thermoelectronic carreat on the grad. In pastic-

ular, thoriated cathodes are uszd at reduced filameat volrage.

To reduce the thermoelectronic currents, the tube is usually connect-d at nega-

tive potential to the grid, end, in additicn, the grid is placed, not tetweea the

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6

anode and cathode (as 1s osaal) Lut on Loth sides of the cathode.

Te redvcc the conductivity, quartz 18 used aastead of glass, and specaal at-

tenticn is pard to ths jualiiy oi the tale asseably work.

To mve an 1dea of the characteristics of such a tule, we list the data of one

of the vacuus-tute electroseters:
Cathode voitage
Cathode curreat
Plate voltage
Voltage o screea grad
Voltage on ccatrol erid
Fesistance of grid-cathcde leak

Control-grid curreat

Plate curreat
Transconductaace
Iateraal resistance
Asplification factor
Dimensious of tute:
disneter

hexght

2.5«
J.110 asp
*6v
i
-4y
about 10'€ otms

16 ap
(zpprozamately)

0 ua
25 ey
40,000 chas

]

W ma

50 om

The charscteristics of this vacmua-tsbe electroseter are given ia Fig.173.

The alove data indicete that the cheracterastics of this electromcter are

rather unnsual. * The aaplificatzoa factor 13 equal to only umty, the transconduce

tance and plate curreat are very saall. Tespite this fact these twbes make it pos-

sible, Ly a relatively siaple Lut carefully executed circuit, to measure curreats

as low as 1013 to 10°!% amp or even 10" 17 smp, shich corresponds to an electroa

flux of 60 electrons per secoad.

To increase rae statility of the tutes, they are generally used ie talanced

circurts. To increase the senmtivity of the tuhes, they are occasionally used ia

231
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circurts with a free control grid. No resistance 13 connected 1o the orsd-cetide

circuit 1n thia care.
The tube electrometer 1s used not only for eswsuring low curcents ltut Qso for

a @easuring very high resistances, up to 1012 te

104 ohms.

Sectica 9. Photocurrent Asplifiers

Photocurrents eay Le aoplified by ordinary AC
or DU amplifier carcuits. There ere also a nuslter
of specaal circuits for moliivias a shatacnrrear

Let us consider & few of these:

Asplifiers with Extrinsic-Fffect Phototute

In these circuits, the phototute iz a grid leak.

Uy=4-6v
the absence of irradiation, the phototute has a
Fig.174 - Circuit of Sinele-
Tule Photocurrent Amplifier

a- %ith phototube acting as  the phototube 1s sot irradiated, the grid 1s dis-

grid leak; b- With photo-
cube acting as a plate leak

practically infinite resistance. In this wav, vhen

connected from the circuit and is charged negatively
by the electrons em:tted by the cathede of the tale.

On irradiation of the phototube, a photocurrent aprzars, causing the gr1d poteatial
_ and the plate current to vary.

A tube oparating in such circuits must sot have its own leaks nor ionic cus=
rents acting as leaks. The grid of the tale must, therefore, te vell insulated. To
prevent the occurrence of 10a1¢ currents, the plate voltage 13 reduced to 4-6 v.

" However, since at such plate voltages the transconductance of triodes is saall,

" tetrodes with a cathode grad for counteracting the space charges, are used. The
vacuum-tube electrometer describcd in the preceding section cas te used in such cir-
cuits.

The resistance of the cathode 1nsulation of the photocell must Ditamse te

@ 50-Yr 2014/03/27 . CIA-RDP81-01043R002800190001-6

Figure 174 a 13 a dragram of & single-tuke photccuriear axplifier. The photo-
cell 12 » grad leak. #ith an unirradiated shntotute, the grid 18 disconnected from
the csthode and 13 charged to a certain potential, Vaen

a photecurrert =ppears, the grad begins to Srschacge,

\O) and 1ts potential and, conzequently, alsu the jlate cur-

L. l _ rent 1ocresse, soich 13 recorded iLv the 1astrament A aa
i —U
U, =233v the plate carcuit of the tute. Such # ciruit can
zeasure currents as low as 10714 - 10°1% asp.
Fig.175 - Liagram of
Acplafier mith Photo-
tute fication system. Here the phototabte 13 coonected wath

Figure 174 t shows a differeat photocurreat mgli-

the plate of the tube and 13 a plate lesk. VWith unizradiated phototule, the grid is

" nepativelv charged, tut when photocurrents appear, 1t acmuires 3 nepative charge,

causing geoeration of curreats flowing from the tube cathode to the grid and a vara-
ation 1o the plate curreat. At bigh radiant fluxes incident co the phototabe
cathode, the prepcrtionality ietseen the flux and the plate curreat of the tute is

Yaszix thaa the photocurreats.
s circuit can therefore be used only for cocparztive measuremeants.

Ia the carcuit shown 1 Fig.175, the plat= =f the phctotube 13 ccanected with

* the grid of the arplifier tube. Shea the pbototube is oot irradiated, the xrid is

T = free and is not coupled with the rest of the circuit. If a tule haz a transcom-

ductance so high that, w:th a free grigd, 1t tas a rather hisa plate rzcreax, thea,
even under low irradiation of the phototube cataode, the pid acquires a high nepa-
tive charge, which reduces or coepletely stops the plate curreat. Such a (ircuat
cay Le very secsitive and give azplifications of 105 - 10€ times; shea tules x.th
_ves, good grid issulaticns zre used, curreats as los as 10°14 - 10°'¢ . can be

_ smplified.
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R a2 L e

3
n ) o ' and the tobe »ill Le*tlocked”.
Ordinary Photocurrent Asplifier

The resistsnce l"! 1z lerge, e 123 valae deperds cn the Lype
In the atove-described circuits, the plate current is detervined Ly the poten~

of tubte used.
tial acquired by the grid duve to the charge present. The er1d of ke acplifrer t

In such circuits, ordinar triodas gaa te used, preferatlv those wach verv lcw
13 connected with the circuit only acress the phototule. 1In conventional aspiifaer icore corrents and bash leak reststance. Yo 1acresse (he ressatance of the leak,
g the socket 1s cometimes resoved fre= the tute and replaced Ly an 1aproved tote socket,
or the systex 13 opcrated wathout vither.

The current azplification ia these circuits zay go as Ligh as 10%-1 3, for a
g

single-tule arrangemest.

(ocpensaticn Circuits of Photocurrent Arplificaticn

Fig.176 - Circuit of Norwal Singla-Stage  F1p.177 - Circuits of *‘Inverse” Sriagle~

Ia the crizem s3ccssed, the vuriation im total plate curreat wvas
Photocurrent Aaplifier Stage Photocurrent Aaplifier

ceasured. To 1mcresse the seasilivits, JOSpensaling cifcuits are sometizes used.
circuits, a certsin voltage 1= ieposed on the zrad, asd 1t 15 this voltage that de- Fipare 176 represents ope soch circut, used

termines the plate current for a givea plate voltage. \? .L;l. for zeasering the variatian 1a plate curreat

The circuit in Fig.176 differs from those discussed atove in that the resistor cansed by t'e photocarreat, wathout takiag tke

direct componeat iato cunsideratioa. This

16
f\l is connected in the grid circuit. Across the 1esistor B‘, a voltage l" can te - - . 0.3—1-4_—"
L

" amposed on the grid, this voltage determiniag the operaiing conditions of the tube ailows higher seasitanrty of the circuit aad

" at a given plate voltage. Whea the shototube is iriediated, 2 photocarrent is gea- ng'ua N Cospensatron Circoat '."_
Sipgie-Stage rootocurreat Azplifier
erated and flows across the resistor Rs, creating & voltage drop scross ii. In chis pecially galvasometers.

the use of bigh-sensitirity iastruzeats, ea-

case the grid voltage and, together with it, the plate current vars, a process which ! - All circuits for zeasaring carreat differeaces are very sersative Lo exteraal
is recorded Ly a measuring instrumest connected in the plate cirenit of the tute. In ! 10flucncas, which affect loth the phototabes aad tkz acplifyicg tebes. Oue of the
this system, the plate curreat increases with the photccurreat. ) ceuses of circuit instalility is a chzoge ia the total 1lloninatzom of the photo-
Another version of the usual zmplifier circurt {the so-called inverse circuit) tule, leuding to & change 1a the pbotcomrreat and, coasequently, to a change ia ite
1s shown in Fig.177. Ia this ciren, the varations of the photocusrreat and the plate carreat. In this case, the zere position of the poiater of the zeasuniag in-
plate current of the tube are inversely proportional. With increasing photocurrent, \ struzent 18 disturbad.

the voltage drop 2cross the remstor B. and the negative voltage o» the znid ine : A circuit with two pbotocells (Fig.179) is scmetises used for amnlification.
crease (nunerically), shile the plate current of the grad decreases. At a certma Is such arzangements, ome phototube is cuanected =0 28 to react oaly ta tatal il-

siopp

value of the photocurzeat, the plate curreat of the tute can be compler=ly ziopped, Vuganation, shile the other photocell, 1a sdditzon, fizes the stsplemeatary fluxes STAT.
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o

. _

o n v s e mEsempemm_ L

incident on the cathode of the photocell, which must b2 measured. If the fluxes
c1dane on toth photocells vary 2n the s«me way, the plate curraat will not varv.
since the tzo plotocells have an cpposite effcct on the grad. Tt 13 ouly shen the

voriation 1n the fluxes incident on the pho-
totubes is unequal that the measuriny 1pstrus
ment shows any deflection at sll, and thas

deflection corzesponds to the difference te-

tween the luminous fluxes.

The varistion 1n the feed voltape of all
Fig.172 - Diagram of Circmat with
Two Photocells, for Cowpensating
the Vanationz 10 Total Illumina-

the tube circuits slso cause: circuit de-

tuning. To reduce these 1afluences, circurts

tion

analogoes to conventional Lriadge circuits are
2) Flux Leing measured; b) Screea

oftsn used. Figure 180 shows a coopencsation
bridge srrangement characterzzed by all circuits of both tubes teicg fed from one

and the same source. ~hilc the instrument msasures only the differsnce in plate

Fig. 180 - Cozpensation Bridge
Circuit

Fig. 181 - Cowpensation Pridge Circuit
with Tzo Phototubes
a, Blocked flux

currents. In this =ay, fluctuations in feed voltage would have practically no ef-
fect on the accuracy of measurcazat. To cospensate the asyzmetry introduced by the

cspacitance and laeks of the pholoclement, a capacitor and resistor are connected ia

[ S

the grid circuits ef the sccand tube.

" cuits.

Such an arrangesent, cospenssting the varia-
tions 1n feed voliage, does 1ot resain stible at chanies in the vorel 2l
The circuit shoen in Fig. 18] is cn i1mprovezsnt over previcua circulls. In this
ciremt, 1n order to exclude te 1nfleence of totsl .llcaination, rhototakes are con-
nected 1n toth aros of the tridee. As a resolt, at equal chanos 1 the {lixes
atriking the phototubes, the plate curreais change 10 the ssse way so that there 13
no change of the cerrent in the measuring imatruzent. Trus the influence of total
11lucination 18 excluded and orly the difference of fiuxes incident on the photo-

tukcs 18 weasured.

Fridge diagrans have a far bigher stalility than ordinary unccapenneted care
A certain sesidusl instability is explained iy the i1ncomplete syazetry of
the circuit, due to the fact that ats elezents are cot i1deatical. For this reasen,

1n designing such cireuats, particular attention rust te paid to having all elexeats

catering into the circuit as unifors as possitle.
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CHAPTER XI

OPTICAL FILTERS FGR INFRAKED BAYS

Section 99. Purpose of Optical Filvers

The spectral composition of radient energy from various sources and the spec-
tral characteristics uf sanmtivity of the receptors of this energy vary wsidely. It
13 often necessary to change the spectrum of radizat energy of a zource or the
spectral characteristics of a receptor. (ne of the sizplest methods of separating
the radiant energy of a required part of the spectrum is bv filtering the radiation
by means of a mediun having a selectave transmission.

Syezcoe designed to change the spectral cowposation of radiant energy ase
called optical filters, regsrdless of the region of the spectrun {visille or in-
visible rays). Such filters are used for the following purposes:

Isolation of the required spectrua reyion of the radiant energy of a source
or the spectral characteristic of a receiver;

Separation of the total flux of radiation into indivicdual spectral portioas;
Separation, in photography, of definite portions of the spectrus to eliminate
the effects introduced by selective scattering or absorptioa Ly the medrum;
Maxizua attenuation uf the radiant energy in portions of the spectru= rot

required for ths work.

Section 100. Princinls of Construction and Ciassification of Optical filters

All substances, to some degree, alsorb the radiant energy passang through them.

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6

Radiant energy induces oscillation of the Iree or tound electroas 1a the substeace
(intra-atomic or 1atysaolecular electrons), and also osca!lations of the rolecules
or atons. Free electrons can oscillate only with the frequency of the incident ra-
diant cnergy. The atsorption of radiant »neray due to the oscillations of free clecce
trons 18 thersfnre slzoss :rdspendent of the fragusacy, so that the absnrption curve
15 unaform over the catize spectrua. If the absorption 1s due to oscarlilations of
wolecules, atozs, or tound electrous, then 1t is rvanifested in the form of 10d1vadual
atsorption tands (selectave absorption). wost absorptioa tends of 1nfrared rava are
due to wolecular oscillations.

Onticyl fiftess ate o f2¢d Ly thean vplical properties (spectral charace
teristics) or ty their purpose. %ith respect to spectral charactenistics, filters
aie sabdivided 1nto three clasaes.

Class 1, filters otroarly sbsortizg rays of a saveleagth A less than a critical
wavelength Ay (characterizing the filter), tut readily passing rays of » wareleagth
more than Ay

Such spectral characteristics 1a the 1nfrared resoa of the spectrum are cx-
bibited, for instance, by special classes passing radiant energy of wavelengths
atove 0.75-0.8 u.

The filters 1a shich the critical wavelength lies ia the iafrared regioa also

isclude etonite which passes only rzys of a waveleogth abovs 0.8 u, wood, end paver,

‘-~ whach begins to pass radiant esergy of someshat longer wavzlengths.

Class 2, falters reudily transzattiog light of a wavelength LI and stronxly

absorptave at A > LN P filters not passing vaves loager thaa Ay. Filters of

this class, as far as arrasgemeat of their zones of tr«nsmission and alsorptios 1s
concerned, are tke reverse of filters of class 1.

The filters of thas class include sylvimte (K{1), shich passesn rays of wave-

lengths up to 21 u, aad fluorite (Cafy), vhich pasaes wavelengths up to 10 4, rock

salt {haCl) =ath a threshold near 16 u, sad quarts (Si0p) with a loundary up W3 4 Ue

Optical filters of tha f.ast tso classes can be characterized as cut-off filtcta.

STAT

39

Declassified in Part - Sanitized Cop roved for Release

[ U S T e s LR T

50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6



Declassified in Part - Sanitized Copy Approved for Release

Class 3, filters stroagly alsorbing over the entire lp-eclm. except for cae or
several norrow aavelength regicns, within shich the filters readily pass redient en-
ergy.

These fi.ters are called Land filters or monochivaatic filters.

According to purpose, filters iy Le sptdivided 1nto two groups:

Spectra) filters, isolating a relstively .arrow frequency tand cr 2z entare
region of the spectrum, for exasple, infrated or ultravinlet;

Compensation or correcting filters, shich change the spectrum of » rahaat
flux or the spectral charactenistic of s receiver, by Lrinsing it into the
requircd fore, this group 1ncludes so-called neutral fiiters, shich attesuate
a radiant flux without changing ite spectral cospesition.

ALsorption (selective or nonselective) 15 2 propesty of £11 substances; for
this reason there are »olid, liguid, and gaseous optical filters.

Solid optical filters are structurally more convenient than licuid or paseous

types, but their absorption characteristics do oot slways satiafy the requiresents

1

x)

b

[ i

[ ‘ j
Ge G5 05 aua::) PR wsu

F1g.182 - Avsorption Curves of Liquid Filters for Iefrared Hays
1- Absorption curve of layer of water 1 cm thick; 2- Absorprioa
curve of 2.5% solution o! cuprous chloride with a layer 2.5 cm

rhick;
a) Wavelength, 1 L} Absorptioa fector Ty, %

they sust meet; therefore, it is socatises ascessary to use liquid and gpasecus fal-
ters.

Gaseous optical filters are &ifficult to produce and sre not durable.

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6

Liquid filters are nade 1a the form of a vessel mth plane-paratlel valls,
f111ed v1th a solution of a coloring matter. The salts of certain zetals ‘Ca, Co, Cr,
N1) or crgenic dyes, for example amlice dyes, are used as sach coloriag natters.

Soce liquad filters, for exzcple & 2 solatian of coprans chlsr:
2.5 cu thick laver, 11l cospletely siszorl 10frared ravs. Figure 132 shows the ab-
sorption curve (2 of a iiquid filter suie of a snlation of cupreus chloride and, for

coep: s130n, the absorption curve (1) of a1 ez thick

|

B ke s NS, e
o

|

water laver.

(A

{J

¥

i

Section 101. Absorptico of bediaat Eaerey in Optical

o

weri e b repman 131

Filters

The rad:ant fluz passiag through an absortiag

»

cedium 18 attenuated Ly 11; at selective aisorptios,

Fig.183 - Atsorption Diagrm the attesoation of the radiant flux defends om 1ts

of Padiant Flux by o Filier
frequency. The radiaaz flox 4 passiag throzgh &

eedize 12 2iways less thaa the 2acidenc jlux 4. The ratio of these fluxes defines

the transasssion factar (or coetticieat of trasspareacy) T
i -
_'. (176}

The stzorption facizz T relates o +Ls entire thickaes: of the atsorbing layer.

For a monachresatic flux of wareleath 3, the ratio of the fluxes is charac-
terazed Ly the spectral transzission factor ).

Let us discmss the sicplest case of abrerpiicn 1a 2 zedius shere the sbsortiag
layer is bomogenecns, while the radiant flax is ronochromatic.

M an safinitely thia layer dx {Fig.183) of a medac» nth an alsorption factsz

" k_ im cross section x, 2 flux 4, 13 1ncideat. The absarptioa is this layer will te

- expressed ty the ejaatica

b = -k ¢ dx

241
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On integrating this eypression over the entire thic

value of the total absorption in s layer of » gaven thickness:

(178)

At a uniform leycr, shen the absorption through the entire thickness 1s the

same, we have
k, * const *® k
Solving eq.(178), we get
1 = okt (179)

Equation {179} rhoss che relation between the transmission factor T and the
length ! of the path traveled by the radiant flux. The quantaty k .3 called the ex-
tinctina (or attenuationj factor and characterazes the ability of a medium to atten=
uate a flux of radiant enerzgy. Egquation (179) expresses the cxponentisl law of at-
tenuation of radiant energy.

For # monochromatic flux of a wavelength of A, the transaission factor is

i

Hee (180)

where k) i3 the attenuation factor of & medium for wavelength A.

In decinal logarithms, eq.{179) way be expressed as follows:

= 10°k'8 (181)

i
The attenuation factor k and th2 absorption factor k' are connected by the re-

lation
L' o= klg 10 = 0.434k (12

Optical filters can be char-cterized by the optical density D) of the substance

Declassified in Part - Sanitized Cop roved for Release

composing the filter for a pven wevelength, The quantity Dy iw relatzd to the trass-
missinn factor Ty ly the expression

1
D)"ll;‘x"lx‘)"“;l (183)

Fquation (183) indicates that the abeorption factor chzracterizes the optizal
density of 8 lajer of & given wediom of umt thackness.
The total transmisaion factor of seversl avsorling layers is equal ic the

product oi the transmission factors of the individual layers:

g " T TAg TAs c+- ThAa
vhile the total opticsl dessity is equal to the sum of the densitres of cach layer,
1.8,

D Oy Da*hs* - * D

The total (wntegral) transzission factor Tpof a non-ronochrowatic radiant flux
within the land lizitz from Ay te },, taking zcccuat cf the distribution of the ra-

disnt energy incadent over light filter o passing throughk it, is expressed Ly the

’ formula

Ay
J h, T d
: M
AL
1,
N

Frequestly, the lotal (integral) treammission facter 13 of an optical filter is

defined by teking accouat of ihe spectral cheracteristac of the receiver:

50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6
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where T) * spectrai traniaission factor of the optical filter;

v\ - spectral charscterastic of the receiver;

3 -

%, " moaochrowatic flux of radiant encrgy 1ncaident on the falter.

The total transzissidn facwr Ty is always less than unity. Part of the radiant

flux falling on the filter 1s absorbed Ly the falter and heats at. ¥hen the power of

the flux passing through an optical falter 15 great and the total trsasmssion factor

is low, the losses of rodiant energv in the filter and thus also the kzsting of thae

filter. may be quite high. Thercfore, shenever a filter 18 used, the allowstie power

dissipation at which the falter w111 stall caintain its spectral characteriatic and

sechanical properties sust Le koown.

The transmission factor of a filter can soretimes be defined in temms of the

quantity of coloring matter 1n the solvest. in this case, the vaiue of the concen-

tration of the dye ¢, expressed in so/cad, 1s introduced in eq.(161). Then,

1y = 10kl (186)

The product <l expresses the surfics concuntvation of the dye, i.e its quan-

tity per unit surface of the filter. Teuoting thia product by N, we obtain

© = 10708 (181

The velues of ke surface concentration N ia measured in grams of dye per w? of

B light filter.

Equation (186) is applicable to liquid and solad optical filters.
1f an optical filter is =ade from several dyes, then the total optacal deasity
is equal to the sum of the optical densities of the individoal dyes, provaded that
they are chemically inert with respect to ose another.

For optical systems (lenses, prisas, plates) designed for work in the infrared
region of the spectrum, as for infrared filtsrs, various substances transpareat to

infrared rays are used: special kinds of glass, plastics, a auaber of crystals, and

@ 50-Yr 2014/03/27 . CIA-RDP81-01043R002800190001-6
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certain other materials.

Figure 134 shows the lrulu‘uuon‘ curves of thin plates of

ebonsrie, rica, gelatine, tad celluloid, while Fig.185 muves the spectral trancmission

g

2:

2

<1

&
S

Traesmission faster Ty, Yo

[~

waw lemgth 2

b1g.18s - Curve of Speciral Transmsmon Factor of Several tilters
1- »1cs (0.02 ca); 2- Gelatio (0.06 xm); 3- Celluload (0,14 ==);
4- ttooite (0.1 sm)

characteristics for various materials. Figure 185 andicates that these waterials

can be used ia prepariag optical sysiexs and filters for ln.Inred rays.
Ordinary sics has a ide trissaission 1ange, shile biotite, which passes inm-

frared rays, partly blocke the waille cays. lor wuscovite and biotite, the traas-

Fig.165 - Transmission Factors of Yarious Materials
1- Pyrex glass; 2- Plate gplass; 3. Quartz;
§. Yuscovitis; 6- Biotite; 7- Fluorite; 8- Sodiea tluoride;
9- Fock salt; 10- Sylvinite; 11- Potassium Lromide

a) Wavelength, u; b) Tramsaission factor e ¥

4- Flnorospar;

w1ss10n factor curves have = absorption zone 13 the erea 9-10 », followed by a aew

pass-band mith a2 aaxisus at about 12 u. Such substances as pelatia and celluloid
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pass infrared rays of wavelengihs up to 2.5-3 u.

Section 102. Types of Solad Optical Filters and their Characteriatics

Solid optical filters are made of pelatin, colored glass or plastic, and of cer-
tain other solid substances.
Gelatin filters consists of « thin file (0.5-0.1 om thick) of Jved celatin. To

protect it frcs sotsture and the direct action of temperature, the film is usually

ploced Letween two plane glass plates. ce-
120

mented togetler with Siterian talsam.

Organic dyestuffs are ordinarily used

A
¥
._.‘7[ to celor zelatan falters.

'l tigure 186 gaves the curve character-

L

47 a8 a3 7] izinz tue ielation Letween the transmission
a)

Fig. 186 - Hel=tica beotweea Traase X .

c1ssion Factor of a Gelatin Optical length. A filter of this type reudily passes
Filter and the Vavelength

a) Wavelength,u; b) Transmission

factor 1), % wuves of the vasibtle portion of the spectrum.

iz filrer aad the wave-

infrared rays, Leginning sith the loagest

The disadvantages of gelatin color fil-
ters are the instability of their spectral characteristic with time, the iow mech-
anical strength, =ad the dcpendence of the filter characteristics on huridity and
tesperature.

Glass color filters are made of glass, clored ty wolecular or colloidal dyes.
The colnring matter used include oxy-salts of cobait, nickel, iron, chromium, and
certain other metcls, as well as gold, silver, copper, cadmium selenide, or sullide
iz the colloidal siate.

The dyestuffs are added in ver: small quantities and make up only a fractioa of
a prercent of the total mass.

Glaas optical filters have the following advantages over gelatin types: heat

resistance, tiwe stability of spectral charssteristic, and possilility of wass pre-

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800180001-6

daction of filters with the same characteristic.

A light filter 13 rost cooplctely characiertaed ty the spectrum, the traas-
z1smiun curve, or the optical density curve.

Figure 187 zives the choracteristics 3\ * f{}) and D) * £f(}) for three tvies of

plazs onlor filters - izacd for 1:0lating the infrered rays cloze te the vissbse

X]

2708

&
[ 222Nt aodes

.')

g

PUORE ROSEY
POQIE BB

F1g.187 - Curves of Tranesizsioa Fzctor T) and Optical Ceasity Dy
for Glass Filters oi Cifferent Types (KS-10, hS-11, and KS-12)
a) Optical density D2; b) Vavelength, ~;; ) Trensaission fac-
tor, <): d) Ultraviolet rays; e) Visible rays; f) Infrarzd rays

_ portion of the spectres, For ezch tvpe of these filters, twc carves {1) aad (2) ire
fven, corrcsponding to thicknesses of 1 and 2 wm. The oprical filters AS-10 aad
A S-11 partly transaat wisitle ravs (red light), shile the fulte: 88-12 izils alzcs

upretely to do so.

STAT
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Figurs 188 gives the spectral transaission characteristic for a plass coaterning

manganese oxade. The charecteristic shows that this ¢lass 1a opaque to visakle laght

T

Ty
gr_:tt
B S N
S DU

-

D

Fig. 188 - Spectral Transmission Characteristica for Glass mth
vianganese Oxide
a) Wavelength, u; b} Transmission factor Ty, %
Lat readily passes infrared rays vith a wavelength from atout 0.9 to 2.5 1 and bas
1ts transsission threshold () * 10%) at a wavelength close to 4.5 u. This plass
may thus serve as a zood optical filter for the near infrared rays.

A number of osganic dyer are used in plastic coler filters, characternized Ly a
high transmission factor in the infrared poriuion of the spectru=z and by stroug sb-
sorption in the msible pertion.

Organic dyes are introduced 1nto color filters Ly one of three wethods:

Evaporation of a fila oi dye;
Deposition of a film fioa n colored plastic onto a glass base;
In the fcm of a constitueat of the plastie.

Color filters preparsd by the evaparation method have someshat less favorabie
spectral characteristics than those prepared by the last tvo methods.

Cellophane, Nylon sad polyvinyl compounds are generally used as films ia
plastic color filters.

Figure 189 gives the transmasion curves for optical filters of oolored cellu-

loid film (Fig.189a) 0.04 wa thick, of colored Nylon film (Fig.189L), and of poly-

vinyl fila {Fig.189¢). Color-filters may have different cransaiasion factors. These

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6

curves show that color filters of Nyloa fila have a lover transeassion factor thaa
color falters of celluload falm.

Wlor filters of polvvinyl fils heve a very steep tranzaission characteristic
for 1nfrared rays, vhict crsures better shsorption 1a the vasitle portion, A dis-

adventaze of these color filters 1s the 1epaiment of transmission when the filter

a- Ceiluloid, L- “ylon; c- Polymzyl; d- tlver zulfide;
e- Furaae tar
a) Vaveiengilk, u; ) Traasaission factor 7y, %

is beated to over 100°C. Nzrrow-tand color filters with high tranasission ia the

. 1-° u region sre wade of silver sulfide (F1g.189d) and fursae pitch (Fig.189¢). The

waxixua of transsission of a salver sulfide color fiicesr 13 in the spectral region

ol 2.4-2.6 u.

1043R002800190001-6
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Section 103. Nonalsorling Color Filters ) 3 u (up to 907). Selenium filters are therefore succesafully used for cutting off

the descending Lranch of the spectral cnrve 1n the short-wave anfrared region of the
Absorbiag color [11ters scpsrate the required radiation with insufficient sharpe

aess. For this reanun in mony casas color hilters of other types are used: powder

€3

o

s ’_lr' N ,,J-::.-'r‘_{

© ]
o/

>

£

- e te
ol

/|
v

Fig. 191 - Tranzs on Factor of Yugzozeuz Oxade and Zine Oxide Color
Zal . Falters
0 . s 6 14 ] s B 1- Za0 on wica; 2- Vg0 on mica; 3- 700 on cover glass; 4- Vg0 on cover
a glass
a) Ravelength, u; L) Trassaission factor Ty, %

F1¢.190 - Curves of Spectral Transmssion tactors of Selenium Black,
Tellurium Black, and Bizauth Black
a) Wavelength, u; 1) Traaszmission facter T), %

spectrm,

filters with rough surfzces, and filters with varicus refractive indexes. The curves for the transaission factors of color filters of wegnesiuw oxide

Pewder Color Filters (Bibi.1§). The action of powder color filters 15 Lased an aad z1oc oxide, applied i pouwder ferm tu maica acd glass, are gaven in big.191.
1o

o JITfune ze-zzsring of incadeat radiant energy by partz:les deposited on the sur- Color filters witk rough surfaces are made of a matecial transpareat to iofra-

face of a tranaparent plastic. The transaiss:on of the filter depends oa the size red rays. whose surface ie rougheoed.

" of th particles and increases as the dimensions of the pasticles and the saveleagth Fays of wavelengths shorter than ile particle size of a rongh surisce, are

of the ray become cormensurable. For exanple, for the transmission of radiaat en- scattered by such a sarfaca, while rays of 2 woveleagih consaderably exceeding these

ergy of wavelengths from 2 to 7.5 u, the particles zust renge in sxze from €.22 to

25w

divensions, are freely trasssitted. The region of wazel2angths cosmeazarsble with

the particle size is intersediate between the two.

Powder color filters are made of selenium, tellurium, liszuth, zine oxide or The spectral transsission characteristic of radiant enerxy ty a color filter

magnesiur oxide, and of certain other materials. with a rough surface depends on the dixcnsions and uniformity of the particles re-
iiqure 190 gives the curves for transaicsion factor variations ss a ftunctiea of sponsakle foz the reughness. At bigh nopuaiforsaty, the color filter will transait

" the wavelength tor several powder color filters. The selenivm color falter does uot : a wide range of =svelengths; aad the trensmission factor curve will be shallow. Ac

transmt rays of wavelengths shorter than 1.5 u Lut readily passes waves longer than hagh particle unafarmaty {obtaired, for exsaple, by tresting the curface in 8

STAT
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‘solvent instead of mechonically), the spectral characteristic of & color filter hea

a sharper treasirron from absoiption to transsission.

Specalic
2.75-3

Tigure 152 gives the spectral transwission chasecteristics of radiant energy

for color filters with rough surfaces, prepared from rock salt. The curvez A and A,

relate to filters with rugh surfaces

Relrs tive
1,56-1.59

created Ly a sachanical mathod (sith car-

Larundum poxdec) while the curves 3 and By

relate to filters mith surfaces prepared by

from 10-15

wiat of
frem 15-15

dissolving the surface layer of rock salt,

A disadventage uf rouph suriaced fil-

ters is that thexr transmission character-

Transnissron
Factor

tig. 192 - Tronsmission Factors of istics do avt sharply delimit the regiona
Fock-Salt Color Falters with Hough
Surfaces:

of diffusion and iransmission.

Frlters with Voriens Hefractive Indexes.

A, A, mechanical processing;
B, B;, treats il . . . .
» By, treatzent with wl'u,"' . The action of these filters is Lased on the
a) Wavelenath, u; b) Transrission

factor T), % diifusion of radiaat emcrgy, depeading ca

-
-
0
—_
a
-

the refractive index of the medium. Medis

of one substance (solid, liquid, or gaseous) with minute particles of another sub-

Transparent «o Infrared Rays

Treasnission
for Prism®

form an optically uniform wedium, which does not scatter

stance suspendcd on it,

radiant ensrgy, \f the refrastive indexes of the two substances are the soze. If,

however, the refractive 1ndexes are di fferent, the medium 1s optacelly noouni form

and therefore diffuses radisrt eactgy. #hen the refraciive indexes of the two sub-

Optical Characteristics and Specafic Cravity of Certarn Materiels

stances are the ssme for several wavelecgths but different for others, the medium

Such a medium may be used

is transparent to the former and opaque to the latcer.

as a color filter.
In the transaission of radiant energy through such a falter, thst portion of

it for which the refractive indexes of thc two substances are diffevent is dia-

Desigantion of

mven iatenisi can be used.
** The materaals indicated in the last four linus of the Table are resdily soluble.

Sylvinit, (Potesaium

chlorade)

Farod quarta
Crystalline quarty
Lithivm fluorade
Muscevate mica
Fluorite (fluospar,
calcivm fluerite)
Sediun {iworide®®
Rock salt (sedivm
Potsssiva bromide

Miotito mica

+slangths fo= which the refractiva indexes of the

persed. Oniy ihe -mergy of

Transmiseion
© The lanit of useful tranesission for the prinms of apectral instmments characterizes the wavelength up to wh ch & primm of the

tvo substances are the same will pass the filcer.
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The width of the pass-Land of the filtur depends on the dispersion of the sub-
stances forming a filter, 1.e., on the variation in the refractive index for various

savelengths. ‘The greater the differance 1n the curves characteraziag the dispersion

CHAPTER M

OPTICAL SYSTELS

33 5
a)

Section 104, Purpose and Clacsification of Optacsl Svstess

Fig. 193 - Curve for Dispersion Ly Pock ' Fig.194 - Spectral Transaission Charse-
S teristic for Filters of Powdered Quartz
a) Wavelengih, u; b;l:’e"ract‘ve 1ndex a;r;:v:;en:nh lu'e:) ;nnuussinn fac- source of radsation usually fores a flux scattersd 1a all directicos. The optical
.8 le f i W

tor Ty, % /

of the two substances, the smaller w1l be the spectral region isolated by the fal- — . PO

Optical systems serve to redistribute the flux of radiant energy 1n space. The

ter. '

3

—~

Figure 193 gives the dispersion curve for rock salt. The refractive index

varies with the wavelength; at A = 32 4 and A - 54 p it has the same value. Fig.195 - Illumiaation of & Screen witlsut Lens

i issi ds t leagth of A » . .
For magnesa, the maxizus transaission correspon o0 & maveleaRls v systens transform it 1uto an oriented flux, thus concentrating the radiznt energy
= . i in carl tetrachloride (CCl,), the transsission -
12.2 u. 1f mognesia is placed in carbor tetrachloride (CCl r aad atalizang it more efficieatly.
mevipum is shifted to » sa-zleagth of 9 u, at which the rafraction indexes of mag- X . .
- To show the efficieacy of using an optical systea, let us compare ibe iilumina-
trnesi cC . .
nesin ead CCly are the same tion produced by a scurce of undirected rediation mith the 11lu.ination produced by
Th o isti £ vransmission of po=dered quarts, suspended in
e spectral characteristics o aasniaae -« the scxe radiator with oriented radiatioa Ly weens of sa optical systes). Let a
arr (curve C), 1n liquid CS, (Carve A), and ia liquid CCl (curve ) are given ia

source of radiation have the shape of a flst plane disk (Fig. 195) of dismeter & and
Fig. 194,

area S, and let it have the Lrightness B. The lumicous inteasity of the source is
These data on optical filters indicate their grest variety zad the possability . .
defined Ly the equatioa

of using thew in various portions of the infrared region of the spectrum.

Table 44 gives the optical characteristics and specific gravaty for a few mae . 1-BS=8B

teraals tranaparent to infrared rays.
Then, st indirect illuminstica (w2thout #a optical systea) of the plaae

N STAT
258
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Declassified in Part - Sanitized Co roved for Release 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6



Declassified in Part - Sanitized Copy Approved for Release

acreen E, located at a distance I from the source of radiation, the 11lumination of

the screen (disregarding the lossea in the ntmosphere) will le

\

Be -
12

Ihe flux incident on the screen will Le

where @ is u solid angle.

L U

If a correctini lens (Fip.196) is olaced Leotween the enexpy socurc slumicating

the screen and the screec, itself, then the flux incident on the lens mil Le

ERES (151

The illumination of the surface of the lens will become

E- (192)
i

For an zdeal lens, gAVIRR a correct, undistorted inage, the flux & = ¢, leav-

:ng 3t wall be propagated uver the so0lid angle @, Thenm, ke luzinous intensity

]

P

-

Fig.196 - 1llumination of a Screea from a Leas

i lesving the lens, as at would lzave o source, is defined Ly the relatioa

4

e —

v

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800180001-6

and the illuziration of the screen Ly

-

The rstio tetween the 1l1luninations E' and E defines the gain obtained ty using
an optical systes. This ratio 1s called 1he opticul asplificazion factor of the

systea and reeds

k "E— (195)

Lct us determine the relation Letween the cpiical aplification factor of the
systex and its diameter. [rom eq.(191) aad (193), we obtain
Tuy
— {196)
v2
The #n1id sngles w; and w; are detersined Lv the ratics of the «resas of the
spherical surfaces cut out of a plane, to the squares of the distances !} and I
Considering thai ihese angles are smail, we may write
ra? rp?
w, * aad Wy " —;

3 H
nH a1}

.. _where d = dismeter of light source;
D = diameter of less.
Conscquently the zoplification factor of an ideal cptical system (at !, x 1,),

wnll be

l'. |U‘-D’

T % & (197)

O
The waplification factor of an actual optical system (with 1, X 1,) is de-

lemi;:e'] by the relatica

[N eRpepRTI T RS € A
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k°gq :l?
whzre @ is a fector characterizing the Josses in the optical system.

1t @111 be clear from the lost relation that. ot increasing drameter of the
optical system and decreasing size of the radiation source, the optical =zplifice-
«1on factor of the system 1ncreases.

Fquation 198 for the coefficient of optical amplification of a system holds aot
anly for lenses Lut also for reflecting sy<tems. heie U denotes the diameter of the
reflector, and q that of a factor tskizg ccocunt of sll losses, iacluding the losscs
through reflection, absorption 1n the insiae of the glass of the reflector, and the
shielding of individual portinne Ly opaque parts.

The optical =mpizfication factor in modern searchiights reaches s few thuuzasd,

The luminous intensity of a projector lpm {1a the direction of the optical
axis), deperding on the brightness of the source of radiaticn and the size of the
reflector, may be determined from eqs.188 and 158, taking account of all losses, as
1., - o (T'_’)’ . qag (199)

250

where q = loss factor;
B = brightness of source of ramationa.

Consequently, the luminous intensity of a projector w:ll be

(200)

=D? H
where & = e is the area of luminous eperture, equzl to the area of projection of

the reflcstor onto a surface prrpendicular to the optacsl axis.
Thus, the luminouz intensity of a projector is equal to the product of the
" brightness of the radiation source placed at the focus of the reflector, by the area

of ths luminous aperture and a factor allowing for the reflector losses.

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6

The nse of an optical system pereite cliaraing lusinous intensity considerably

excceding that of the source.

The 1llumination produced Ly a projector 1c defined from the vsual relation

or, allowing for loe=es 1n the staosphere, Ly the relation

1
- “pre o
Era T (202)

where q; is a factor allowine for all losses 1n the atwosphere on the propagation
path ! of the radiant energy.

Optical systems are used not onlv 1a radiators tut also in receptors. In this
cas2, the optical system focuses the radrant energy 1ncident on 1t and directs it
aato the receptor, caking it possitle for the 21lluarz2tion of the receptor to exceed
ciasideratly the illuzinazion ot tne sorface of the optical system.

Optical systems can be subdivided 1ato three groups:

Leas (dioptric) systemns, in shich the rays pess through a refractiag redium;
Reflecting (catoptric) systemss, ia which the flux frox the radiation source
is reflected fr~m one or more reflectors or mirrors;

Mixcd (catodioptric) systems, in shich lens and railcciing systeas are com-

veo
Liged.

Section 105. Basic Concepts and Lavs of Optics

The action of optical systems is tased on the laws of gionetric optics, which
deterwine the pach of rays through an opticrl sy=rem and 2llow that path to be cal-
culated.

The propopation of light rays io opticul sysieas obeys the following fundaaental

laws:

50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001
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Ta an optically uniform transparent medium, light rave are propagsted recti-
linearly and independenctly of each other.

The incident rev Fy, the reflestad rey Fp, rad ths refracted rzy ¥, sve coplanar
with the perpandicular to the refracting surface (Frg.197).

The angle wade by tie inrident ray with tie notmal equals the angle Letween the
noreal and the reflected ray.

wncadence @ and the sine of the angle of

The ratio of the sine of the angle of

/’:

tafraction v is a constant for the various wedia:

F,l

n2

Bysin 9 nesin ¥
Fip. 197 - Incident (kg), where nyy = refractive 1ndex of tne Secord medium with re-
Beflected (Fp) and
hefiu-ted (Fy) Hays at
the Interface of Two
Vedia

spect to the first;
ny and .y - al solute refractive indexes of the secoad
and the first media.
The abso'ute refractive index of vocoum is n = 1 and of air, a = 1.00029 % 1.
A refracted ray is propagated in the second mediva at a velocity of vy, whach
12 not equal tu the velscity of propsgation 1o the first mediun v,. Alloving for
- the inequality of the velocities of propagation of light in the differeat wedia,

we may write ihat

’

siae 71
- —

sin ¥ vy

whence

i
" i

vy |

sin 9

" sin ¥

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800180001-6

The laat equation indiceres that the rafractive 1adex cf the sernnd sedius,

relative te the first, 1s equal to tse ratio between the speeds of propsgation of
light 1n these media,

The absolute 1ndex of refractiun n 1s defined as the ratio «f the veloarty of

propapation of Jight in vacuo (p.<cticallv, also 1n aiz) to the velocity of psnra-

gation in the rediun:
(206)
Since the irzqueacy ¥, con passage from the first =~iium into anothsr one, re-
sa1ns constant, while the velocity of propagation changes, the wavelength =:11 also

vary. From the weil-known relations

we obtaia

shere A and A, are wavelengtbs it which energy of a frequency ¥ is propagated ia the
" wedius and in vacuo, resructively; vhile n is the absolute refractive 1ndex.
. The reiractive izd:ixes foi wost so)1d and ‘iguid sulstances have values froe
T3t 2.6, Tible 45 gives the values of the reiractive indexes for a few sub-

stonces.

tefraction of Pay by a Plane-Parallel Plate. A ray passisg throszh = place-

" parallel plate is refrected twice (Fig.198).
The ray leaving the piate is parsllel to the iacoming ray izt 13 shifted with

(\ tespect to 1ts axis. The value cf this shift S depends on tte angle of incadeace,
the thickaess of the plate d, acd the refractive i1ndexes of t* plate, of the medium

from shich the ray passes to the plate, and the medium into shich it is passed.

o

e R0 A b B i T e
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The displacesent of the ray is defired by che forrula

tan ¥y
A~ d|1- —
ten 9

At small anples of incidence, q.(207) 33 transformed into

d ain(ey - w)
S * o (208)

tos ¥y

A reduction in the displacement of the ray is effected Ly the use of thinner

plates or by reducing the angle of 1ncidence.

Table 45

Refitctive Indexes n and Cratical Angles of incidence @, for

Certain Substances

Substaance LN

Ice S0
Water . 49
Ether 48
Ethyl alcobol . L1
Glycerol . 43
Benzene
Siberian balsmm . 40.5
Dawond . 3.5

the law of refraction, eq.(203). If the light ia propsgated from a medium of higber
refractive index n;, when the refractave index ny in the medium 1a yreater than the
index n,, then the angle of relraction vy wil® te greater than the angle of 1n-
cidence @ (Fig.199, ray A).

With increasing angle of incidence 9,, the ngle of reiraction vy incresses,

x
and, at a certain value 9 "9, reaches the value vy * 3°

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800180001-6

In this case, the ray B will not Le refracted an the optizally less dense medi-

PP
s,

2wl slice aloag the anterface of the sedsa,
The angle 9, 12 culled the critical angie of incadence. Any furcher incresse
1a the enple of 1acadeace mill result 1n failere of tie ancadent ray C to lLe re-

fracted, and in 1ts totel reflection from the =

N

"

of separation letseen the

>y
tiz. 198 - tefraction of Ray by Plane- Fig. 199 - Total Irta-—asl Reflection
Parallel Plate

nedia. This phenowencn, termed tota) internal reflaction, takes place at =+gles of

1ncidence exceeding the critical angle of incideace 6.
f2
The relation s1a @ > —- = ny) defiaes the conditica of total internal reflec-
n
tion. If a second medium (opticuliy less dense) such as vacuum or a1z (ny = 1) is

1nvolved, then the condition of total internal reflection is defined as
. 1
sin @ > — (209)
P
The vulues of the cratical angles of ircidence 9, for 3 few substances, are
given 1n Table 45.
A ray incident on a medium aloug its toundary 31¢h wir, i an 2ngle exceeding
the critacal angle of 1acidence, is completely reflected back iaic the mediue

The reflection of light rays on the surface of 2a optical part or other

may be specular or diffnse.

hegular, or specular, reflection is shown 1a Fig.200a; diffuse,or scattered,

263
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¢
in Fig. 200 &; mixcd, 1n F12.200 b and directe 3-scattered in Fig.200 c a plass surface are very ~=all (4-5%). At anples of 1ncidence slove 60°, _he reflec-

The raviv ©f ihe retlected flux by to the incident flux by is callen he re- tion factor incresses steeply and reaches 100% st 98°.

The retlectavu factor for the buurderv of transpurant redia can te defined Ly

the forsula

;7
“y z * em? 2
/ 2:22(3 * ¥) raa’l3 t W)

._’_.

s

T
:7/ / L and(e —w) el - W) )

shere ¢ and 7 are the angles of 1ncideace and refraction.

¥1g. 200 - ‘Yarious torams of Reflectiun: 1f s rav strikes (ke reflecting surtace perpendiculssl (5 = 0°), the coef-
a - Hegular, or Speculsr; b - Maixed;
¢ - Dicected-scattered; 4 - Uiffuse, ficrent of reflection 13 defined Ly the iorznla

or suattered
tagy - n?

flection factor 0:
« (ag + 12

F
[
3 (& L o
where ny; = — denotes the 1ndex cf refraction of thi scwwnd aedinz with respect to
“

Fo
the first.
Lo rays e icilected at different ecagics.

also Le defired by

In diftase reflcs
1f the first nedian is & vacuum or air, thea eq.(213) takes the form

In regular (specular) reflectiza the reflection factor may

the relation . (a-1?
P * —— {214
a+ 1?2

-
L

The ceflection of rays from the sarface of wetals is dciersiaed oot only by

_where E = 1llumination produced Ly the iucident flux; . . .
the refractive indexes, as 1n transpsreat media, tat also Ly the abzcrption factor @

B = luminosity produced Ly the reflected flux. . .
of the metal, shich is uvsually lazge.

The reflection factor depends ca wauy caurrs, snd, in particular, on the angle . . . .
B 1f a r.y strikes the surface of a cetal perpendiculariy (% = 0}, the reflec

of incidencs, the stats of the reflecting surface, the refractive 1ndexes and, ia
tion factor 1s defined ty the formula

some cases, on the wa.clength of the incident flux.

Reflection may occur on the toundary letween transpareat and opayue media. The .- 1)? + a? (215)
= —_—
{- curve o1 the rciation between the reflection factor o and the angle of incidence @ N al

i 1 i th f f gl = L.5 in Fig.201. The diagraa
in reflection from the surface of gloss (a ) as gaven in Fig * Figure 202 a, b gives curves of ine reflection factors for various polished

dicates that at snglas of 1ncidence not ex ceeding 40°, the retlection factors for
1ndacate © cetels, as » fractizon of the wavelength. The curves show that the reflection factor

STAT
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[
varies greatly for wavelengths of the visille repann of the spectrum and portions Lenses sre thie cr thick. A lens 1s called thin (tig.203) 1f its thackaess i

close tc 1t, but that 1n the infrared reaicn of the spectrus at wavelengths of abtout small relative to the radius of curvature of 1ts sorface, and 3f 1t has the dis-
5-10 u, -the reflection factor resmains alw,st con- taaces S; (from the luzinons point o the leas) and Sy (frow the leas to the 1vage
e Rt 1}

- G B
IR The reflection factor of some wetals (Ag, Au,

- .

A+

l {u) exceeds 30% (up to Y91) over a very wide range

of wavelengths.

" 1£ the reflection factor varies as & functioa
1023238 SIEITNN W

-y

a}

of thc zavcleagth, the spectral (oapositivi wl the

F12.201 - Relation betscen Be-  reflected flux Aiffers from that of the 1ncadent
fle:tion Factor and Angle of
Incidence for Glass {(n = 1.5)
a) Angle of Incade ¢, degrees; certain metals (for exaple. gold, copper) Las a

L) beflection factor, %

flux. Thus, for example, the flux reflected from

different colcr from that of the incident flux ot

the vizmible region of the spectrus.

Ssction 106. Leas (Dioptric) Syste=a

A lens optical system usually consists of one or several lenses.

A lens is a part made of an optical material, usually glass, which has at least

]
}
i i
. - N |
one spherical surface. The second hounding surface msy te spherical or plane. v . s 878

Lenses are characterized by the refractive indexes of the optical vaterial of
F12.202 - Refleciion Factovrs of Yaricus Metals
. a) %avelength, u; 1} Rzflectien facror, %

of the centers of curvature. c) Stellite; d) Stecl; ¢) Alzak

- the lens, by the radii of curvature of the loundicp surfaces, and by the pesition
po

Tie optical properties of lenses depend on the turviture of the geaeratrixes poracl. la this case, the posts O; and Oy xay e considered to Le zatched mitk
of their surfaces and on the relations between the refractive index of the leos ma- the optical center of che lens, the poiat C. The lines passiag through the optical
terial and the refractive 1ndexes of the adjoining wedis. For exemple, lenses ceater of the lens C are called optical axes of the lens; the axis pzasizg through
thickened 10 the central part sre of the collecting (positive) type, if they are " the centers of curratuze €, and Ty is called the principal optical ans. A plae
made of glass and are in air, since the refractave index of glass is greater thaa perpendicular to the priscapal optical axis of a shia lens, passing tkrough its
thet of axr. Lensen whoan thickness at tha canter 1s less than that at the edges, center and coiocidiag with the plane of sysmetry of che leas. 13 called the prisci-

are of the dispersing (negativa) type. pai plene oi the leas.

e e s voh o VA WSt s b emes e =
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he distencia §) and S, the refractive index of the glass of the lena n {ths

lens being in air), and the radii of curvature of the lens surfaces r; and ry, are

=

- ~

\
. K
% d ’

Fig. 203 - Principal Geometric Parometers ot a 1hin Lens

correlated by the relation

1

S2

—élun—n(;l-;z) (216)

If rays come from 1afimty from right to left, the point of intersection of the
rays emerging fiom the lens wath the principsl sptical axis is called the rear
~incipal focus of the lens, and is denoted by the letter F', while the distance
from the principal plane to the point F' is called the rear principal focal length
and is dencted by the letter f'. On their retumn path, the rays intersect teyond
the lens in the fmnl: princapal focus {F).

Assuzing that §; = =, we obtain an equatinn detemmiaing the rear wraincipal

focal length as

B

1
s ta-1 (- -
Ti 3
As analogous expression can be obtained for the front principal focal length.
For = lcns in air, the front and rear focal length are equal,
On substituting spec:fic values 1n eqa. (215) and (217), the rule of signs must
be strictly obzerved. It is custezary to desote all segnents by a plus sign 1f they
are 1aid off in the direction of propagation of the rays, usually from left to right,

and by & minus a1gn if the rays are 1a1d off in the opposite direction. Focal
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_ (¢) types.

lengths are mcsrured fiom the center of the lens; the distances to the poiat of

emergence and its izge are measured from the focal points or from the center oi the

-0

— I 2
c d

e

¥:%.204 - Passage of Farallel Raya Fig.205 - Types of Len-ea:
through & Thin Lans a - Double convex; b - Planoconvex;
¢ - Conver-cuncave; d - Double concave;

e M : f - Conca:

lens. The radii of curvatare are considered pasitive if they are measured from the

spherical surface to 1ts center 14 thy dircction of propagation of the rays.

Planes passiag through the foci, perpendicularly to the principal optical axis
are called focal planes. Parallel tass possing at a certain angle toward the prin-
cipal optical axis are refracted by the lens and intersect in the focal plane (Fig-
ure 204).

The inages produced by lenses may be either virtual or real. An image 1« teal
if the otject and its imege are on differeat sides of the lens, i.e. if the sigms of

F and S are differeat.

An ixzage is viitual if the signs of f and S are the same. The signs and values

of the focal iengths depend on the sipns and values of the rzdii ry and ry and oa

_the refractave 1adex n of the glass of the leas.

Lenses gavicg real images are called collecting, or positive. Lenses giving a

virtual ivage ere .alled dispersiag, c¢: ncgarive.

Figure 205 shous the pris.ipal types of lecnsea. The positive leases are the

__ double-convex (a), the planoconvex (L) and the positive meaiscus or convexo-concave

The negative lenses are the double-concave {d), the plancconcave (e),
-and the negative meniscus, or concavocoovex (f) tvpes. L]

The image of any point of an object obtained after passage of rays through a

249
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lens can be constructed Ly means of tw rays chose intersection behind the lens xill the ray ACA', passing through the optical ceater of the lens without refractron. Ths
yield «he image point. 1mage of the point B 13 the point B'. Thus the 1nage of the segzent AB is obtained
In constructing an icage we must stert from the fundament=l propesty of lens 1n the form of the segment A'R'.

The ratio of a disension of the 1z27e 1' to the corresponding disersicn of the

s ¥ ———\"
R NCF 2 r : . object | 13 called the linear enlargement of the lens and 1s denoted Ly F:
Bl s S S friaed | .
3 ?«.{%j p{’:f IL o
A |

let =

a
Frow the sigzlarity of the triasgles AEF and VFC, aind vlso of the iriangles

F1g.206 - Construction cf lzige on Pazzace of a Ray through RCE® and A'B'F?, it follows that

1as
» Double-Convex (a) and a Double-Concave Leus (E)

foci: A ray paralicl to the optical axis is refracted 1n the lens 1n such a way that

it pasces ihrough the rear focus of the system {waich is in the image space), wmle
Accordiag to the locztion of the object with respect to the focus F of the leas,

the 1zage w11l be real or virtaal, enlarged or reduced erect or inverted.

If thte distaace from the objzct to the lens is wore than twice the focsl length,

the 1mage m!l Le real, reduced, 2ad iavested. If the objeci is at a poiat Letween

tarce the focal leogth from the lens and the froat focus, the irage will bLe real,

enlarged, and invevted. If the object is Letween the leas and tke front focus, the

image w11l te vir:ael, sslerged, asd erect.
tig. 207 - Two-Lens Optical System
» A dispersing lens, for example a double-concave lens, will gave a virteal, re-
- a ray passing through the frout focus of the lena (which is in the object space), ‘- --duced, and erect izsye for any position of the cbject (Fig.206 ).
crerges from the lens in a direction parailel to the optical axis. ) In thick lenses, or ~otical systeas consiating of two thin leases, there are
In a double-coavex thia lens (Fig.206 a), the ray AX, parailel to the optical At!v principal optical plases. Let us consider va optical systea consisting of two
axis, w:ll pass through the rear focus F', while iie ray AM, passing through the lenses. the distance between which 1s less than the focal length of each lens (Fig-
rear focus F, after refraction, will travel parallel to the sptical axis. The inter- ure 207).
section of these two rays gives the point A', shich is the image cf point A i The rays parailel to the optical axis, 1ncadest on the lens Ly, would be col-
In ideal optical systems, clozely ¢ proached by thin lenses with a small rela- ’ _ lected by it on the optical anis at the foces Fj. Dat ia the path of these rays
tive sperture®, the ray AHA', passing through the rcar focus, cun be rcplaced by © there 13 the second lens Ly, which secondarily refracts the rays and collects thea

-y the peiat F' on the optical ans but oot coraciding with the focus of the second

* The relative aperture 13 the ratio between the dicacter and the focal leagth.

al

S Sern e deeet Da oS BRI AL e o
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lens F;. The poiut t' at which the imege of point A is ottaired is the real primci- In the reflecticn of rays fres & ;lisi-air iaterface, 1-9% of the luminous ea-

pal focus of the eat:re optical nystes. ergy 1s lost, depending oa the Liad of glass.

The sctron of an optacal sysims composed of ten liases 13 cqzivalont to the In thin plasa plates or lznaes, 1n wbich the alczorption 18 less theaa C-20%,

action of one lens of focal length t', determined from the expression from § to X of the radiant encrgy #s lost, due to rcflection on toth surfaces of
the plate, even at zrall angles of 1ncidence.
(218) ) The losses due to refiection 1ncrease grestly 1n corpfex optical svatms coa-

sasting of a nunier {=) of refiactang and reflectiog sucfaces cf grisa,, lenses, or

shere x'; and l; are the focal lenpths of each of the lenses and d 13 the distaace plaze-parallel plates. In tlis case, the total ioss»z oa refiecticn are determined

betscen the lenses. s
The Jinear enlargement of a two-lens system 1s determined, as for 3 thin leas,
¢4 (1-:)"
ai o
Ly the ratic of the dizensions of the imsge to the dimensions of the ob)ect.

shere ¢ = rzdizat flux exergiag f{rca the optical systes;
Section 107. Lizht loss 1n Opt:cel Svatess and the Coating of Lenses

%, = flax 1ncident 99 the s722em;

®hen a radiant flux passes through an optical clemest, part of the radiaat ea- co- c = coefficient of reflectioa from coe surface of aa cptical elerest.

ergy 18 lost. The losses of radiant energy are due to three causes: Ia cocplex optical 1astruments, the total losses, raizly dae to reflection, are

Ibsorption in the substaace of the optical clement; ! : as high as 73-50% Ia addition, the reflectzd light 1s partially scattered 1a the

Scattering, due ro optical nonuniformity of the sutstance >f the optical i :
element and to inadequate polishing of its sar faces;

Hefraction oa the interface of transpareot wedra wich differeat refractive

indexes.

The losses due to sbsoipticn and scacttering can te rednced by selecting a saf-
ficrently trapsparent substance for the cptical elemeat and Ly carefully prepariag

its surface, The losses due o reflestica can Le reduced by means of ‘coating® the

optical aystem, o
Frea Table 44 and the tranzmizsion curves of various substances (ef.Chapter X, - Fig.203 - Pessage of Faya thrcogh 2a Exposed Film
a) file

s optre arancy far a sivan vagicn of the spectrzz

may Le selected (cf.Chepter XI). ! isstrupent itself, whach st1l]l further lomers the contrast of the observed olject,

Let us consider the principles of the modern sethods of coating optical ele- by foreing fog or flashes.

ments. . The above exarples show the i1mpostance of reduciag the reflestica of rays froe

73 STAT
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i d i - "
the bourdaries of the transpareat sedis. eterxined as ny Ty
1n the USSH, systesatic work 1n tue coating of optical systess was started ‘The datfercnce 1n the ray psthe :: equal to half the wavelength 3f
n .

usder the direction of Acodemiciar i.v.Grebenshchikor esrlier thun 1a other countri=s .
1 J == 2d = %ha, (222)
(Bibl.1}). Crebenshchakov and hin students developed the theoretical principles an 3

ts. The costinz of an optical

1, various technological methods of coating optacal elemen # wrere b and d are, reepeciivaly, the peosetric and optical thicknees of the fals®.
k N 13 effected bv covering

system, consisting in the reduction of losses by reflection, 33 The optical thicknees of the file vmast therefore te cqual to & quarter cf the save-

the surfzce of the cptical slesent with a thin filn uf a sulstance whose refractive

A
lengeh, 4 @ ¥ or, ia the gore general case. to

sndex is lesa than that of the substance ot the elepent. The reflection frow the
glass-aar interface i3 L*I4 case 13 reluced, osirg o the 1aterference of the rays 1+ % .
szflzcted froz the interfaces arz-fiim, ond iilwm-optical eiwment.

tagure 208 schematically shoss the course of the rays passing through the inter- ‘h‘".“ =0, 1, 2, 3... N .
faces of uhe v wedia and reflected from then. The radiant flux from tke aar it the thickness of the fils and its reiractive 1adex are prepecly selected,

the reflected ravs are cocpletely atscsbed, tut ocly

. 5 at a Jefraatc saveleopth Ay At
" {n, x 1) passes through a filc havine the refractive :ndex ng and enters the sui-
1 R

i > ; a vavelength other than 1, the coaticg effect is incosplete, and at &ouble o baif
stance of the opticai element having the refractive index ny > ng. 1o this case,

the waveleapth, there 13 o coatiag effect at all.

Co atly, t
part of the radiant energy s reflect. . fres the irterfeces. If the thicken=s of nsequestly, the full costing

o . isi .
the falm is so selected that the difference in the path of tvo rays (I and II) re- =ifect 15 - tained ut a definite wavelength, selected 1a accordance sath the spece
b

tral characteristic of the receiver.
flected from the two interfaces is equal to half the =avelength of the 1acident ray,

these rayz w11l be absorbed due to smtual interference. As a result, the reflected Section 108. heflectivs (Catoptric)Systexs

radrant flux wall Le attesusted so thet che transmitted ilux wall le 1atessiliei.

In reflective sysizms, curved s=flartars are used, of the spherical®® or para-
The fluxes of the raflected rays I and I1 are equal if the ecnation

.;lv!ic type (Fig.209), which receave the flux fooe a radiation source over a lcfimaite
It e 12

{my = a3 Ey 22 2011d angle w and then transform 1t 1ato a beaw, directed slooz the optical axis. A

tay + a)? lag * 2,2 reilector has two surfaces, rear and front. The froat surface faces the zsurce of

. " radiation or the receptor, placed at the focus F. The cizcle Lounded by the edg:s
Tis satisfied. of the mirror 13 called the aperturs of the reflcctor, shile the liae passiap

By solving eq.(220), we obtarn the refractive index n,, expressed 1o terms of

X . * The optical thickness of a fils is the product nf the thickness of the film and
the refractive indexes ny and ay: 7 1ts refractive index.

a '-v"l‘! (221) A spherica? reflector is a marror shose reflecting suzface has the fora of part

ol » sphere. The radius of the sphere is the rediva of curvature of the sarror.
1f the ray ongivsates in air (ny X 1), the 1ndex of refrectiva of the file is

4]
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"through the center of the aphere and the prancipal focus F1s called the optical axis

of the reflector.

The draweter of the projectivn of the front surface of the reflector onto the

plane of a cut characterizes the luminovs cperture of the reflector and 15 walled

the luminous Giameter or, siuply, the diameter of the ceflector D.  The diameter

Fig.210 - Diagraa for Calculating

Fiz 209 - Diagram and Principal Parameters
the Parsseters of a Heflector

of a Reflector
a) Rear surface; b) Front suiface; €) Fpax

_ at the outside edge £, is called the over-all diameter.
B The point at which the rays, strikiag an ldeal rzflector parallcl to its opti-
.. _cal axis, are collected is called the principal focus of the reflector F. The
principal socus way te defined otherwise as the peinc on tie optical axis st shich
an ideal poiat source of radiatiun may Le placed tu abtain a beam of paraliel rsys.
The vertex of the reflector O is the point of intersection of the cptical axia
and the front surface of the reflector, cod the depth of the reflector H is the dis-

~ vance from the plane of the cut to the vertex of the reflector.

(. : The distanre from the vertex oi the reflector to the principal focus is called

" the focal length £,

For actual reflectors, the concepts of the effective focus F, and the effective
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focal length f,, i.e.. the distances feom the effective focus to the vertex of the
reflector, have teen introduced. ‘The effective focal length £, 1s deterzaned ac-
cotding to the permiseitle values of the oterrations of tha reflector.

The solad sngle of coversze w 1a the spatial angle from the vertex at the focus
of a reflector, naculating the diameter L of the reflector.

Let us determine to shat the solid anple of -ovarage, espressed 1o terze of a
plane angle, is cyual.

An elecentasy ans s sutfece ds(?lgz) of a e ecror (F1.210), placed at an

angle @ to the optical axis and having the sngular width d9, is egual to
ds » 2mydl
und, coaszquently, the clementary solid angle wall le

3_- . mydl
2

dw =
T

shere r is the distance fres focus to annular sarface.

Since

dl = rdp and ¥ " r zin @

de *= 2% ain 9de

total solid angle of coversgs w caa le expressed in teres of the plane

%
w4 du * 2X(1 - cos @) (24

¢

total flux of the reflector is the sum of the fluxes produced bty the

. separate 10aes, The rones are not equivaleat, aad the value of each of them is

characterized by the luninosity fector of the 20ne, M,.

m
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The luminous value of the zone is determined by the rstio of the ares of the

0ne to the total arca of the reflecior, 1.e., by 5 Talle 45 paves the luzizcaty
Tabl~ 43

Lusinous Values of Zonss of a Reflector f1n %), snd Relative Luxinous

degrees

Angle of
Coverage.
29,

180 -
3.4 . 3.0
2.3 . -0
1.8 . »
15 n 2l
1.1 1.0 32 57

factors of the rones for reflectors wmith varicus angles of coverage; it also gaves
the vulues ot the relative luminous apertare A.
Reflectors can be subdividsd 1nto two groups: shallow, 1n shaich the plane

angle of coverage is 2 a_ . <I80°, and deep, in which 2 9, > 180° (Fig.211).

29

Fig.211 - Tvpez of Reflectors

Beflectera with an aperture in the central part are also used. They are called

reflectors with a Llind (central) aperture (Fig.217). Ta viev of the relatively

saall sres of the spertore 1nd 1ts screesing tv sowe strscture located at the focas,
such reflectors bardly differ 1n effacreacy frem total reflectors.

tellectors are spherical, garatol e, elliptic, wr bhepertolie, sccording to the
shape of their cross section.

Scherical aad paratolic reflecenrs » M The latter, shes the

the fors ¢f thc paraivla 13 cxactly fcllowed, vield a paraliel bean if & poutet

Fig.212 - Heflectors watk Bliad
(Central} Apertare

a) Blind anartare

Fi2.213 - Pazallel Peacil of ioys frem
1dea} Paraloliz reflecter

source of radiztion 15 placed at the focus of the reflector; these reilectors ool-
) lect, st tie iceai pcint, 21l pasallel rays 1acilent ca the reilector (Fig.213).
) Bhes the radiation source, placed at the focus of the reflector, 1s of fimite sile,
) ”lbe ravs reflected frca a parabolic nirror diverge withia tie lizits of zome sz2all
“-:anxle 2 3 (cf.}ig.209). The angle of divesgence of the ra s depeads ca the ratie
.—af the dizensicns of the radistor *a the fucal lempib of the reflector. Actaal re-
7flecmrs give a aore diverpuat temm thas 1deal onmes, Jue to the iperfection of the
optical systes and the presence of aberrations (errors i1strodzzad ly aa actse!

optical systes inlo aa irage ind masifested 1a the forx of tlarriag of the 1xere are

-called aberrations).

n_ - 1f the radiatiag tody is of fimite disensions, the total teaz of rays way Le

) cogsidered as the sux of separate elesentary leass produced iy all poists cf the re-

ilector. la this case, each elesentary tezx 311} have aa zxiv parsllel to the

B et
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optieal acas, mnd ats angle of d-vergence «1}1 Le detcimined Ly the ratio of the
facal langth tn the dizensions of the radiation source.

let ne dsrarming the zezle of divergence of » Leam viih = spherical rediation

source having a radivs of r and placed at the focus F of a pesstalic reflector. Under

these conditions,

sam 25 % -
L 4
o

For & parabola

Consequently,

LA 4
s10 3 i cos’ 2

It a5 clear from this that the maxasus value of the angles 3; mill te at @ = 0.

In this case,

2 the beaz & eqnls tmce the angle a_ .. i.e.,

L2 (225)
32y, "¢

i H idhin the i 2 the angle R, the axsal
Beccuse of the scattering of re raya wauna vhe irensa wi the ans Y

2 jecto a3 ia copstant at varices distaaces
luminous 1ntensity I of 3 projecior will =5t remaia con

from the reflector. Caly beginping at a certain distance L, which is called the

Jdisteace of otal rzdiatioa or the distacce of Lean formation, cia the bcam ke con-

“ s3dered fommed. Beyona tins distance, the axial luminous intensity rezzing coastsat
(diverging beam), and there the law of inverse squares caa te spplied, detervining

the illunination at the distance L:

Approved for Release

|
|
\
i

@ 50-Yr 2014/03/27

"
-

__cal svstees and radiation sources are characterized

" sheet metal} tase.
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atere 1 * 3313} laninous intensity of the projectors;
L * distance from the reflector to the point 1lluminated;
L * artenuation facter due to iassss ia tle atzosphere.

The vclue of L_ depeadrn on the focal lespth, the angle of cuversee or the die
azeter of the reflector, #and on the forx acd Ciaensicas of the radiatics rource.
Ordinacalv, this 1s consicerably greater (s fee tens or bundreds of tinee) thaa the
focal leogth. Flotoaetric reasurevenss sith reflectors are ssificaentls relaetle
only tevond the linits of the distance L, alizo cslled the photesetnie disvance.

The optical svstexs of reflectors, just like leases. =r: «hararterzzed ly ile
icllcwing Las:z paraseters:

Asea ot dimzeter of lusinous aperture ui the upticui svstes;

Angle of Loverage or focal leagth;

fwlative lusiscus aperture, equal to the ratio of the diameter of the vptacal
3¥s3C2 to the focal leagth;

Vagnitude of aterrations;

losses in the optical .ystem (ly absorpticn and Ly reflection).

A raciation source 1s characterized by lrighiness, dineasions, aad fore. Opti-

1o

1y spectral chavacterzstics.

Reflectors are of zetal or glass.

Ia metal reflectcss, a layer of refiecting mstal 13 deposited o= 2 solid (orx
Solid ==tal rzflectors are dnratle and little sabject *n rochan-
Tical damage, tut they are heavy and undergo soce defors=tico :a time, shich leads

Reflectors of sheet setal are less darsile and zre

" sade only 1a small sazes.

Alnoipma, chroeimm, rhediza, or gold are uwsed as reflectiag vetals, Silver,

shich has a good reflection factor, raprdly taraishes ia 2ir and 13 theceiore oot

e hm e o AR o 4 PRI
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used for metal reflectors.

In lass reflectors, the reflecting radium 38 deposited oo tne rear sorfnce of
a glaes forw {in projector-tvpe reflecwors} or on 1ts front rurlace.

A laver of ailver stout 1 macron thick 18 used as the reflecting lever, e
posited on the rear surface of o glasa form. Dcrause of the use of s1lver. soch
glane retlectors have a lhagher retlection ta-tor thao setal reflectors, lut they are
keavier and less duratle. Therr principal drawtack, Lovever, 18 the facr that the
radiant energy passes ivice through the glass laver, thus crosrng additional eceryy
1.sses. ln adorition, a supplezentarv correctizn of the form of loth zzrfsces (fr-at
and reer) 1s necessarv to elizinate, as far as possitle, atizsation of the reflecinr;
1n uncorrectsd reflectors, alerrations introdace exteasive distorticas.

Glaas does not transmit vaves loager shaa 2.2.5 u, cukirg suck reflectors em-
tirely unsurtable for rays of longer waveleagths.

The reflecting layer deposited on the rear face 1s covered mth » rictective
layer of anothicr setal. Galvanically deposited cofpper 13 citen useC a» a protective
lzyer. The copper laver 1s ccatsd zith varmash aod paint. Oa the outsile, the re-
flectiag layer is protected Ly the glass.

Glass reflectors math a rsilcctang layer deposited oa the froat sarface caa le
ased regacdlcas of the waveleogth of the radiant enerzv. Tte epsctral character-
istics of such reflecters == deverminad by the reflecting lever, while the zlass

- secves only az @ base, giving the reflector the necessary stape. In this case, tke
reflecling laver is not prozacted by giaas on the cutside, therefore, oaly netals
2ot sensitive to external influences or eas1ly protected from :tem Ly protective
layers can be used as the reflecting laver.

Figare 202 pives the curve of the reflection factor for a specral baad of
aluminum. The graph shows t!at the reflection factors of tiis type almminza are
very high =nd remain alwost ccaitant over a wade scuge of waveleagths. Tte al.micam
layer obtained is sufficiently sturdy aad iot & byect to the influeace of stzos~

pheric conditaona.

e . . PN SEPPESEREIE
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Such reflectors (s:th the reflectias lawas Jarnciead ‘on the froet cuifece) sre

aore efficient thas reflectors of the {irst type. sisce ticre 13 to enerky loss 1a
the glass and o distorticns Jue to aterraticos of the rlass. Is achrren, we fore
of elass refleceszs coes ot chasge 158 tame.

The sflaryency of coeratacn of Lot retal emd glavs reflecesrs Jepands ca tde
rrcperties of JLe sarface  Asy hirt, scratcies, or ncistire nll loser the effs-
caency, vhick =eaos that refl 3 rejmiTe Costivws Laodilisg asd carefal

trestzent.

e of tie favoratle progerties of
reflectors w1tk a freot specxlar liver
13 the fact 1tit, 1a mc3t cales, thas
tvpe 18 couplstelr fzee of chromatic ai-
Fre.214 - Spterical Aterraties

erratios, 1.e., predaces alzost 2

chasres (33 least for amfrared ruva) 1a the spectral comgeritize of the reflected

flux.

Sectiva 135. {istertiia of Izazes ym Tpcicat Svstems

1a actral optical svstezs, 23 1actdeat parallel teax af ravs, after yp=3s13p
scogh the svitem (or after Leazy reflected fros 11) is oot collected 2z wre foces,
tuot 1ptersects the axis of tie svstea at crffersat poiats; tkerefore, iasvead of
B the izage of ® guiet, 2 tlarred spot is foraed.
Tre xagnitede of tie error {aierrstica) cspesds os the lsmacus diameters of
the optical elexeats of tke svii'm asd ca the aagles of izclizaticn of bz rars

psesisg through that svstes to the cptical ams.

Ideal cptical systeas bzve po aberretica. {ptical svstezs with mall Jemisons

spertszes sppreact smcb osystems siace tiey are free of ctrosatic cterrations wea

the Zepicted object is swall 2ad lccatad scar the optical aais.

Aterzataves aay te loomtzdisal, shea tke optical sester 1atrodness Sistcrtions

ia the 1mege peasts of 2a ciject coisaadaag nath the cptical sare, of traasverse,

STAT:

bi3 ]
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when the zatye potnts located mathin & certam f1eld of view are di atogiad.

Ia onticsl syste=s w:th sphesical surfaces {leases or reflectora?, parallel ravs

sct coilected st a single point, due 'e alerration. TLe fur lex the wncaident tey
passes {rea the anis of the optical systes
\F1g.214), the greater w1l} le the Jistasce
f10z the focal pornt st etach the emereest
cav intersceis ite axia of the siaten. Tas
pkepcaenca 13 called spterical atesiatima.
The radius 2Z of the tlurred spot ottaiped

1rstead of the porat-image characteiiies

transverse spherical aterration, stile the

area S characterrz=s tonga%uiinal (cr z0nal)

F1g.215 - Circle of Diffusion of
Heflected Pencil of hays

a) Zones 1n degrees, L) Canstic

stercation. The relatiocs tetseen treasserse

and Jo: ;+-3ime] aierrations :s exvressed v
27

tke tclnuong = taz w, here o 1s the aagle

ai which the extieme ray interse.’ s the axis of the syatem.

The s:ze of the ¢ obtaiwned oo the scress as a resmit of spbesrcal

aberration is small when the screen is placed 1a the place of t.e principal iccus.

As the surcen ie Laglacsd frea the focms tomard rhe mi.cal wetom, the size of

the spot dimaishes at first and thea legina to 1ncrease agmia.
- Spherical sberration is alwavs produced by any ~gheracal surface of a leas or
.eflector. Such alterration can te reduced ty usiog a coslinatioa of varicus leases
~sving aberrations of oppesite signs. Powever, alerration ustally cascot te com-
pletely eliainated; as a rale, a certai) residual alterration remaras.
Taratniic reflectors of an ideally precise fors have no spherical atecratioa.
The rays striking the surface of a spherical reflector (Fig.215), after re-
flection fros it, do not converge in a single point lut are dispersed in a cirele

of saall disoeter, which is called the circle of mninun diifosron. This iz due to

e s T

the fect that the pescal cf ravs a8 seflected from 1sdivadusl cracestric sarfaces of

iLe refiectcy, catled 1c3es, 2ad coaverges 32 tertass joials zalled tle facal lexxtd

cf the 1ones.

Mizce ttere are several fcca 17 a reflectsr, it 18 tecessary 6 ite, 11 Tact

celenlatices, the effectave fccal lemgtl, Jetermzed {1 ile eazressice

sheze Tf o * st of fceal lezatts ef all icaess

¥, * facter of relatave limizcas Talee of 3 uee, tv Aick we vean tite ca-

Fressica, 1t gercest, cf tie jortica cf 2ack zoce ttat ;articizates 1z

creatirg itmilicss 1Ltessity.

Passloulic reflecters geserallv wsed 1z rroyectcrs evvaint tre follisazg tryes

of aterratica:

Leaprte?iza) relatave sterration 7, regrescoting tite ratic cf tle hiiferesce

tetseen the :ffectrse focal lerzth of ile reflectcr md tie fecat leead i

a cefirate zore, to tle effectrre Zizal leegth cf the zeflecwcr,

lorptocizal atsciute aterratica 1i, represestizz tte &G fferrace letocen the

effictave frcal lesgth of tkz reflecter azd tie Zzcal lemgrd 2f = Zefizate

cae,

13 S AP 1222)
farular ater-atica Q, represeating the angle forwed tv tte rav math tke
cptical axis,

§2 -4

L '--—-—B’ : 29
—

U"'

a5
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where R i3 the iadius of the zanc and { the distance to the ¢

of the reflector.

Figut: 215 grophically shows the longitudiael absoluts and angular aberrations.

If = neacil of parallel rays strikes ¢ loia we & certoan angle to the optical

ax18, the image point is obttained ia the form o1 an asympetrie Hlurred sp 1. This

a/
/E\ -

$:2.215 - Longitudinal and
Angular Aberrations of a
Reflector

£
U form of aberration 1s called the coma aberratior®,
The 1mage 1n this case 18 sharp only at the
toint of intersection Letezen the optical axis and
the principal ray or closely adjacent ravs. while
The size

the zther iavg give an 20distinct 1mase

ot the spot of the coma alerration depszds on the

]
relative aperture of the system A = i and on the

angle of inclanztion of the team to the axis
(angular field of view*®),

At a large angular field of view, the imag: of a plane object is not produced

in a plane perpendicular to the optlcal

A axis but on & certain curved surface.

Such distortions are producel by what

is called astigmatiz=**" and by the
curvature of the field of the optical

F1g.217 - Abzrrations oi Distortion systea (curvatare of the 1nage pleac).
a - Ideal imsge; b - Positive dis-

tortion; c - Negative distortioa

In abe-rations of tkis type, a point

remote from the optical axis 1s irvaged

in the form of az cval spot.

Cistortiona introduced by the optical system, which depend on the angles formed

1 "% Cona in Greek means hair.
e ** The angle including the area bounded by the field of view.

*** Uofvimation of a pencal of rays. The rays do not converge in a single point,
but foiw t=o lines of intersection located at diffci-ai distances.

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6

T

"7 in the fora of ch

" between a ray cosing from s gaven point of the ohject ‘and -t:he‘;:;;t ral axis, ara
called aberrations of distortion. The system ii this case produces 2z unequal vari-
aticn in the limess dizcusions of different purts of the object 13ape, froa the
center to the periphery of the 1zage plase. This fore of steiratica lesds W -
pairzent of the sirilarity tetween the clyect and 1ts 1zage, 1 €., to a codi ficstiva
of the linear izmage scaule.

fixure 217 stows the character of the charges due o aterrating of distortion.
1f o« entform grad (Fig. 217 2) takes the fora shosn 1n Fig.217 b, the aberestisa s
called positive, o- priiow-shaped drstortion; 2f the grid takes the form shown 1a
t12.217 o, ihe ste is called negative or Larrel-shsped distortion.

In esalusting abert-tion, the concept of the canstic or caastic surface is 1a-
troduced. The ranstic 13 an envelope of refracted or reflected ravs (cf.tir.215).

" The shape =nd size of the :austic depend oa the value and characters of the sber-
rations of the optical system. The caustic of a symmetric oprical system is sy=-
setric and 15 characterized Ly length 2nd transverse dimensions.

The distortions introdoced Ly the optical system may differ for diffzreat wave-
~leapths. Aberrations dependicg or thbe waveleagth of the incident radiaticzs zre

alled chrooatic aterrsticas: chey also exast for :afzared rays, carticalarly if

’ " the spectrum of these rays iz wide.

;_ Chromatic alerration ia explained by the phesomeaoe of dispersion (resslution

"_—of a complex ray ints the cospocsat rays of the spectrum) resnltiag from a chaage

1n the refractive index of the substance of aa cptical system aad dependiog on the
_wavelength. The degrez of dispersion differs for differeat substances, and usnally
':in:reau: for regions of the spectrum chich approach the limit of tranzaission of

_ the subatance.

. Chromatic aberration may Le eznifestnd 1a the fors of chromatisa of position or

iz of es. .

“In chromatism of posation, the focal points of diffcreat wavelengita do mat
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coincida. As a geanlt, the lusirons spot 1s isaged bv 2 poiat of cae ccler. soz-
rounded Ly colored circles forred Ly ravs ot otter vavelezsths.

lo chroaatyzm of enlarpenent, the focai leogth diifers for differeat wava-
lengths; the :zux: vl an otjecc thus Las 1ts omn scale for each zavelenzth.

Thus there exiszt, in optical svstens, seven priucipal fores of atesratrca:
spherical, coma, astimstisa, curratuce of ficld, Jistortion, chrematisw of posa-
tion, and chrezztzsm of enloryement. The draree of atarratica depends ea the rela-
tive apertute of the optical eystes (A} 20d on the aczle of inclination of the | ¢ 3
to the optical axis (w).

The sterrations of the simplest optical svetoms are defined by the follomsx
formula (B1L1.20) (ar uzit focal length):

spherical aberratica: oy = é klk’;

alerratics of 2

0y " }x,&’»:

antigmatisa: 04% 8 — L= i,.‘.x':

curvature of field: o, * i i.Ab’:

distortaoa: &1 = ':s-!;

chrosati=e of prsition®® o) * kA

chromatism of enlargement: 41" = kyu
Ia the abcve forzulas, the icllowing sotations have Leea adcpted: © ® redius
of the circle of diffusicn; a zad L = zxes of the elliptical 1sage porzt: AN

= displaceseat of 1wsge point from the position correspoading to the ideal optical
system; &k, ¢* aterration faciora for differeat lenses or reflectore.
A Ihe significance of each sterration depeads botb on its wagaitude aad os tle
conditions under which an cptical system is ased. Which of the atove cowmerazed ak-
errations is cost herxful and s=st be excluded caa te deterraned only for each coa-
crete practical case of nsiag sa optacal systes. Bach aterration csa te redaced or
1onses wath alerraticas of diffeseat

tcd by a combinativa of

¢ The major axis of the coa aterration 1s 393, 2ad 1ts maxiove width is 234

*s Chneatic oberrstioa occurs oaly 1s 1ana systems.

L
£

‘— sarrors eiject caly the comcerresce of the ravs a=d are seccads Iv 31ITELY.

srems, aad elso bty preper selection of cde tvps of glass for the optical stemeats

sad calenlation of the desige parzeters cf tle cptical elements of the systes.

Sectacn 119, Cooouzcd Yiezess azd Virrce-Lens Sustess

Goozcnad Waeser Svatess

cspoesd cptical svstexs ccasist oi several zi1rrois or leases. la emzaad

B1T1CT svaiems, casistack of seseral crecave ef c.avex mifrirs, the larzer sazror

Fir.212 - Compoaad Warrcr Svsteas
s - Deafocal elzspstizs sveam: b - Freiviad shortemisg
avazcm, ¢ - Postfocal elosgation svatem; - Festfaocal
shottestay Sstem

Jdeteraires the eifective 2pertxrc asd is tte mais ar ;= a1, The pealiler

narror.
Seck
svstens 3y 2iso have plase sarrors, lmt ttese Jo zot wcdiiv the cptical charac-
tennstacs cf tke system.
Figure 21f shoes four ctaracternistac cptical marrer svstems, o which 1l ex-
astisg ioegoand syatess cza te reduced. Thie marror A 1s the prrerpal manver, Bas
the scccadary wreror. The seccadary mifrar is placed 13 frat of the facas of te
priscipal marvor (Fig. 218 a,t) or teband 2t (Fig.218 c,3). Ia tte fomer case, the
systeas ase cailed prefrcal, im the letter, postfacal. Mazscrs are eather xecave ’

The seccncary »irssrs shortea or leagthen tha focal leagths of tie ‘
STAT

©or ceavex.

=8
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system, : . of the spectrus. Let us ccasder a few of the mst t;:.n;:vf wirros-lens wyatess.

A cocpound mirror sysces, for exazple, can be used for producang a parallel been . Vittor-Lens Syntes etk Lens (lone to che Foras. A perizolic mizror (1deal)

Levand the exrror (Fig.219 8,b) passing through on sperture n the principal mirree. Eas no spherical sterration, tet the iszis forued by ot ae distorted tecsnse of other

The change in focal length permits constructiog core compaci cptacal systems inm

-

S - ¥

o

-

- R . ¥ —
many cases. Aa exacple of such a systea 1s the systes developed Ly Profese /‘
H

sov [.D.Vaksutay (Fis.720). To reduce the over-all spre, the plane sirror Can thas I Sy -

systen, which changes the direction of the rays, 1s placed Levoad the focuz ¢ f the — e )

Fre.221 - Yareer-Lecs Systea w1th leas £12.222 - Maroor-Lens St welh
Coae to Facus Coziecting lens
a) PEP - Facal aren

atzrraticos, particularly ccaa. To reduce the lattes, the leas svsten B, ccesasting
of several lesses (1a tte $1z5103% Case two leases. a posmitave azd a iezative loss)

Fig.219 - Mirror Systers to Oltain $1g.220 - Schematic Gutical Dizerax of 13 placed close to tie focts in the path of tte ccasergeat team (Fig, 221).
Parallel Eemns Mirror Telescope Developed by t'orfea-
sor C.D.%aksatov m

..

The Jizstacks ~f tuch a svstea are the ccuplex desips. *h2 expease (siace large

slsss sorfaces of good guality are recaired}, and the additional losses iy reflze-

principal oirror A. The secondary mirror B does sot #+icld the principal ritror so tion irom the lens suzfaces aad ty alsorptica is the glass.

thet its diaceter say ke larger, while the over-all dizcasions of the system remaars Suck correctiag lenses ces also te cred for spberical mizrors. lat ia this case
peactically unchazged. " the Jens zozt also te cotrceted far spherical stirratica. 12 1s possaltle tet ar-

caticaal to luild zack systeas, Lecense the lessea are very caaplex aad also limit
% rror-Lens Systems o
- “the power. tte lemizoas apertere, aad the field of view of tke optical systac.
Ordi ical th 1 d miz: tie f {
rdinary optical systess, to ens and mizor, always exhitit some fors o Virror-Leas Svsten wath Correctics Less. Iz czdizary smarror telescopes, the

. aberration. principal marror is cot protected from cutside 1afluesces such as dust, seestisg,
To seduce the aberrations, so-called corrected misror-leas (nixed) systems are »wechniul dmaage, sad the direct tesperatere effeces. Is additicn, the coavection
used, in shich the lens of the larger leas or mirror ix comtined »ath » smaller leas - carreats of air sa the tatus dastort the image. ALl disadvaatoges of am opea taixs
_ or mirror. The larger lens determines the dismcter of the effective aperture ot . “are climizated ia the sirror teleacone with & corecciax leas (Fag.222).
the system, while the saaller lens serves to reduce the aberrations introdaced Ly o Correcrron of the 13age 18 acccaplished Ly placiag 1a fraat of e spherical
the principal leos c* mirror. - wirror A the leas B with a ditceter ecoal o the dremeter of tte tecza cross sectiem.
Mirror-leas aystens may Lo used for rays of the visible and 1ntrnred regioas 7““ one plese of the leas B deforeed 18 3 certare way, this recices ot osly the

p2]]
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spherical aberrstion but also the aterration of cooa end ;'.-‘upau-. The aber-
ration of field curvature 1s nct redoced in this syztem. For thiz resaca, the locus
of =karp 1nag~s 18 not a plane bz
of the sphere PP, knoon as the focal area;
censequently, the surface on shach the rmage
18 to bz depicted cust Le convex (accordiap
to the shope of the focal area).
The principal drastack of these systess
F12.223 - “akisatov Venrscus Systems
1s the d1ffrculey 10 Lmaldiog correcting

lenzes and the light losaes »n tha correctiog leas systews.

The Vaksutov Wemiscus Systrms

In 1942, Psofessor D.L.¥s%sutov proposed the use of a menrzcus to correct the
abterretions of zarrors. o the epterical clerrstion of a wvenisces way have
either sign and, in addition, a meniscus 1s achrozaiic, iv may serve as a very ef-

factive correcting elexent in catodioptric systizs. If the weniscus 1s properly le-

cated with respect to thz mirror, it will alzo corrvst the coma.

Figure 223 shovs the sinplest meniscns system. In this dizeram, A 14 2 coa-

cave spherical marror and B an achromatic weniscos. Witb a properly selected
’ spberical aberratice of the meniscus and a propesly selected distaace tetweea the

aeniscus and the mirror, the systea will not only e achromatic and free of spherxcal
aberration, but will also have its coma corrected, 1.e., it w1ll be aa aplanatic
svates, giving a true, undistorted, and sberratzco-free i.age. OChly the corvature
of the field will remain ancorrected.

The meniscus ia arranged with 1ta coavexity (Fig 223 »} or its concavity (Fie-

uwre 223 b) facing the reflecting surfsce.

The Maksutov meniscus systems permit constructioa of a powerful optical system
wrh a large tield of view and reduced sberrations. It is sizpler to brald a

weniscus of the required form than aay ther correctiog Systes. A mesiscus way be

v o e e s Ao
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CHAPTER X111

PASSAGE OF INFRAREC HAYS THROLGH THE ATVOSPHERE

Sectian 111. Cosposition of the Atrosplere

The stausphere is a wedius consisting of 3 sixture of gases sad sater vopor,
with foreign particies suspended 10 1z. The size of the pastacles raszes frem
5x 1078t 5x10°% ca.

The griacipal constsat constituents of the lower (groued) laver of tte atros-
phere ure nitcozea (T8.03%) and oxvgen (20.39%). The reosinin; gases ertering 18to

ition of sir {zrzez, hvdroges, corlon dioaide, oeva, heliia, kivpioa and
xenon), make up less than 1% all told.

The water-vzpor content of the air variez as a ‘usctios of several factors,
particulerly the 2ir tesperature sad the atrospheric pressure. Al 1ncreasiog tem-
perature, the water-vapor content of the o1r increases.

Ia the lowest iayer of the air, a certain quantaty of foreize :zFurities is
always presest, which say Le minute wuter droplets, produced tv coadensatios of

water vapor, swoke particles, dust particles of crgsarc or orperal origis, and bac-

~ teria.

The statc of the atzosphere vhen the predosinast ispazities are solid particles,
like dust or smoke, is crlled haze.

Various degrees of concentration of liquid particles (water droplets) lead o
the formation of haze, fogs of variuvs Jeasities, cloads, and raia.

The prescoce of any form of izpurity in the atwoxphers mahes it turtid and

50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6

cdvorealy affacts the conditions for the passage «f rafrared covs. The ravio te-

tucen the eaergy I, pasatag thevugh a layer of atzosgtere of thickness x, to tle es-
erey I, enteriap that laver as walled e t1casparency, of the trazsareacy factor
of the givea laver, and 10 uscally Zesutsd Ir tie letter -

it is cuistimars to ex-

Fress the factor T 1a pertest ger ka.

Section 1i2. Alzorctica of lafrsrsd Favs by Gases uad Ratar Vapor

Tafrazed ravs are sksnrie? 32d scattered 13 the :2zosphere tv tie volecxles o4

various ateospharic gases, and alse t7 olid particles aad water Zroplets {fass).

Ly

x|

nn
4557193::85»5:7:

big.228 - %rserption Eands of Cartoo Licarde in che Rusesphere
a) Vaseleagth, »; t) Aisorptica fictor, %

ea izfrared rays cass ihicwsh the atacpbere, they are selactavely atsoried

Ly cacne, carica dioxide. aad water vapor. The dezrce of sisorptica is defyzmi by

the altorptica faczee 3, whith: charecterizes the attcametice 2f the radiatios whea

1t paszes Brougd =n ztnospberiz fayer of mmit thickaess. A amxter of empirmical

and sesi-eapirical forzalas have teea proposed for ivs caicelation.

The alsorptive poser of oxone aay te acglested, since the perceatage coateat

. of aro0e zm the loseat layer of aar 15 185101 {1caat, except for a gernad follomag

a thuoderstorw, shea the ozone csatest of tie arr 13 sharply iacreased. Ozooe has

alsciptisa tards at waselergehs of 4.7 and 9.6 4.

=5

et amn g 4 b Mo s 4 s ¢ 4o man %
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Carten dioxade 13 chararterized by 1atesse l}‘mrpllﬂ.’klﬁdl at weveleapgtls of

2.05 4. 2.5 u, 4.2 u, and pactieainriy ac 32.3-17.3 . (F1£.224).

e latter ¢f thets tanis, topether with the alsorplion tasds cf aater vamer,
18 the canse of the alsast zotal edsorptica cf 1atrared ravs iy the stemsghere, e

si1na2ng at 14-15 . The abspryties action cf cartea ioxade 12 the fir11 7en parts
L F
&
I

S
waly

2

r
N R
A B LTI A
332 ) 5 6§ 735L8 0 B

E)

O

F1g.225 - Arzorption Pasds of Wrzer Vapcr, Carzos Cionrde

sad Quoe

a) Waveleogt}, .; F) Atsorctica factor, %. ¢} Mater vipor;

o} Carton d1oxmide; e} Qone

of the spectrua asv Le disregarded, siac~ its c=steatasz 2ir 13 ==all relatave 1o
tiat of water sapor, shile water vapor zore strceely atsorts iafzared rays.

¥ater sapor 2 the gresteat aisorier of 1afrazed ravs a=d Bas iatense ab-
scrption bzads at rarions wavelengths. Consecceatly, the alsorption has & selectuive
cbxracter, 1.e., 1t pruosnaly affests certais perticas of the spectrum. Tz
of sarze

strongyst absarrtic or are the follosise maseiersgth regiocan {tie

T fienves sadicate the ceerers of the lands): 0.94, 113, 1.3, i.4, L€7, 1.5,
3.15, 6.06, 11.7, 12.6, 13.5, ad 14.3 u.
In these porticos cf the spectram, tle emeryy of the 1nfrared ravs y»ssiag
tiroogh (he atwo:phere is sisurted to & ceusiderztle czzeat. Alocagsrde of the ab-
scrption baads 12 water zapor rhere are =iso pass-tacds, through shick the eaerzy
of the 10frated rays passes without apprecislle absorptioa.
Frgure 225 shows the pass-taads of isirared rays 1a the atacspbere, 1a the

1-18 . segica.

e v entanabies P <oae M -

P e e LR

Declassified in Part - Sanitized Co roved for Release

50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6



Declassified in Part - Sanitized Copy Approved for Release

@ 50-Yr 2014/03/27 : CIA-RDP81-01043R002800180001-6

T nem e Wy N

As w11l he seen from the figure, 1a the wavelength ";i’;u-i of i-
1.6-1.7% and 2.1-2.¢ 4, the trenmission reaches 80%. end in the regioa L4420
it excecds 9u%. In the 8-12 u tand, the average tron-riss:on extends from 40 to 0%,
and far snue lines exceeds 60%.

The locatios of the alsorption tones of water vepor, carton dioxide, a. ' oone
is maven in F1g.226. The relatsve valura of the atzorpeien tainda of thzze coa-
ponents of the atsmosphere are takea on 2a asbitrary acele, since their perceatege

content 1n the awwosphere varies.

Section 113. Aiienustion of the Flux of Infrared Rays Due te Scavie

$hen 1nfrered rays pass through a layer of atmosphere costaieing micoie suse
pended particles, =hsze refractive index differs from that of the medius, part of
the radiant cnergy 1s seattered in all directions by the molecules of aar. This
phenomenon 13 culled molecular scattering. The work of the prozineat Sovzet
scicatist, Academician L.1.¥andel® shtem, hzs chemn ther tha 1ohomngaasitres of the
atmosphere, causing the scattering ol the radiation energy, are accu=ulations of aar
wolecules of various deasity, due to the chaotic tnermal wotion of tke molecules.
According to theoreticul studies, the scattering of radiant enetgy ty particles
shose dimenzions sre s=all with respect to its waveleagih, is inversely proportional
”m the fourth power of the wavelength. Consesuentiy, che ecatiering izcres wick
“decrelsing aaveiength. The energy scattered b surk nerticles can te defined ty
" the scattering factor €*, charactenizing the degree of attenvation of the radiatica

in unit thickness of the atmosphere, a= a resalt of interaction of the radicat finx

with the molecules of the medizs, resultiag in a redistritution of energy:

x*a? - D3
aNAS

ev =

(1 + cosle)

_where n = refractive index of the pmiticle sulstance;

N = nunher of particies in umt volume;

9 ¥ snsiec Lotoees darection of the iarydezt ray and directics of the scattered
ray;

A« wavelengzh.

The srsaviciznu facter depeads oo the angle D and ca the pregerties of the meds-

It folloos fram €q.(220) that at 3 = 0 and 180°, the scattering reactes a maxie

The total attenuvation of the energy ! of the infrared rave 15 « iayer of atzos-
phere of thirckness x, %z *0 the scotterning of energy and its atsorptina, 18 chare
acterizea tv the attecuatica {extinctioe) factor A,

The attenuatioa factor 13 the Guantaty ottazszd by addiag the diffusicn aed ab-
cosption faciors, aand 13 of a dizension iaverse to the leamtk, for exazple /o,

Yo detersine the attentation factor, we may use tihe forzula

HE) v.'-l'l = I.'-ll’l')l

stere I, = enercy of radiatice tefore passing a layer of thickness x;
I = energy of radiation aiter pasiicg the layer;

e * tas= of aatural lcgarithes.

Equation ¢231) is kacen as the exponeatial law of attexuation of esergy-

The relation betwecen the lunimous imtessity anl Jirectzon of the drxffused rays,

_fo1 particles of varicns sizes, is showa ia Fig.227. This dragram shows the in-

-dx:atncc: of diffusion constiuctsd 7 Professor V.V.Staleybia for particles with

‘pmgussnely 1ocreasieg dizmcters {2, b, ¢, d). The bdatchnd ; rt shows the pro-
portica of pularized rays, i.e., of ravs vilrating ia a certaia dellaite divectioa.
With iacreasiag siiz of the particles, the inditacaces teaxe asyzsetric and
clongated 12 the farwazd direction. Ia the case of large-sire partacles, the for-
i ward scatterisg {iz tke direction of the arrow) =ay te 10 tr=es +3 gTez> 7s the

Lackward scatteriag. The angle of =ziawm scetteriag ¥ by saall particles is 90°,

;d ty l.un particlzs 120%. The proportion of polanzed light decreases with ia-

29
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creasing prrticle diaceter. I the presence of heze, shea the w1s:bility does not cticed | ks (for visitle

In addation to scetisring by air wolecules, there 13 also scattering ty water 1ays), the use of 1afrared rays gaves aa szdvaotace of & factor of atout 2 to §1a

drenlats formed 1n the atxosphere Lv cordensation of water veror on cecliag of the tange of nisatility, Ly coeparisor with the range far visible seys.

‘ ; " Secticn 114. Passnze cf Infrared Favs throush Fogr

/,_r\ Tnvesatigaticns on the rassars of 1afrared ;avs thracsh aztoral aad artificial
F N :

Wi

AR

miats frequently lead to cootradictory resolts. This 3 caplained ty the differeas
coaditicns under shich the cessareaents cxe ande.

Tre coaditions of passaee cf 1afrared ravs throush fog oo Ary land differ from
the conditicns of passsge throogh fog ovie oo ccesn rarface or a coast. The come

positica of fop 18 & civy, and eapecrally i» a large cearer, diifers ereatly from
&

the cczrosition of a fog 1» the fieida,

$1g.27 - Iadicatrices of Liffusion outside the cicy, ete. The condiiions

of passage of 18frared rays throngh
air, and by particles of the icpurities preseat in the ateosphere {gromed dust, Laze,

natoral asd artificral fogs alze drffer
and sont). The condensation of water vapar requires partiviés thel rem SeT¥s 23

censaderatly. It is 1zpossatle to pro-
nuclei, or centers of condessstien. Particles of dust, hzze, the salts inm

duce a stable artiriicial fog. The is-

<
chluride and magnesium chloride, aa well as stzospheric 10n3, pay serve as such PR )
3

son i - Fig. 224 - The Scatteriag Functioa &'
n in the atrass - strated Ly tke fact that two seasure-

- stat1lity oi such a fog canm be demon-
- nucler of d

The nusker of condensation nuclei ip the sir saries  Cher tke sarface of the

ments, separsted Ly oaly a short tize isterval, vield eatirelr dafferzatly ressits.
ncean, the nuoter of wuclei iz 100-150 per =7, over largs industraal ceaters with

. _Despate the diffcrence iz tre literotare dats, a ounber of wsefal conclusicns os the
_ strongly turtid atzosphere their nusber reaches 150,000 per =’

" panasge of isfrzsed rays throsgh fog caa ie drawm.

The number »f condensation nuclei 1n a definite volume of air determines the

size of the particles foraed on the condensation of watez vagor. WBhen the ousber of Passsze of Inirnred Fars through Nataral Fogs

nucler 1a large, very minute particles are ottained, with a dizszeter of atowt

A state of the atmorphere satursted Ly cater dropleis at shick the vimabilaty
§x 10°5 ca. Such particles form haze.

; raoge (for vis:ile v3} Joca ast exceed £00-10C0 m, 13 ca'led fog. “atural fugs
Experimental data show that haze leads to a certain attennation of i1nfrare}

) " are formed as & ruTalt of currests of ware soist ayr {':oi:g over a cold macface, or
rays. Thus, for exaople, over a distsace of 10 kv, the attenvatiou of infrared rays

" as a result of tle cocling of the locest layers of air Jue ts the rapad cooliag of
of a wavelength of 3 i srounts to not more than 0.013%. .

the so:1 after sunses.
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Natural foga are wuldivided, mccocding to the character of their formation, in-
t2 intramass and frontal. Intramass fogs are 1in tutn suldividea into radiation fogs
and advective foys.

itadiation fogs occur on strong cooling of the carth’s surfsce due to chermad
radiation in clesr weather, causing the ait to Lezome supersaturated and smisturc to
condense.

Advectave fogs are formed on invasion of a wai moiat air fiont 1nto a zone of
lower temperature.

trontal fogs occur on the displacement of a frout of sir masses ia axr with a
high moisture content.

As a result of studies of the passoge of infrared rays through naturel fox,
forrulas were proposed for determining the brijstsness of rays that have parsed
through a layer of thickness x, and to determine the scattering facter =3 a function
of the rrdius of the droplets.

If the originai 1ntensity ot & ray is I, then afier passage of the ray through

a fog 1t w1l decrease to the value
I ,.e-mp’n'

where p * radius of droplets;
W v amsber of droplets in 1 cad of fog;
e = bsse of natural logarithes;
2 Fun Aranlar

iz= d.pzading on the rudivs aad on the waveleagth.

1f the refractive index of the medium is n = 1, the value of k' will be pro-

portional to the diffusion factor

e = onpfk’

50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6

On the Lasis of these formulas curves were conatructed (Fig.223) that express

the retstion Letween k' and 3 quantity

The d1agras shows that the curve h' = £(2) has s2xiza at ¢ = 6.2 and 3 = 15,

and a cinaeun at @ = 11,2, Afrer resching the = value of k' at @ = 15, the

cuive sawothly descends. In the regivo ui waxizun vaines of 1 scatterzag of short-
wave rays exasts and at its simcun value, scactering of loag-wave rays.

The nuverical vulues of k' and a are ;aven 1n Table 47.

Table 47

Valnez of @ and k'

X' Al ot a X'

0.06
6.
0.82
1.45
183

.81 20
0.82 25
1.0 0
125 35
1.3 L]

133
115
1.0
1.06
1.03

19
17
14 1B i
1.12 15 l

1.2

- |
1se 1 l
12

The scattering factor €* can te calculated froa the valucs ui k' givea 1a
Table 41.

The curves oi ¢ #22), given in Fig.279 werv constructed for various particle

radii p, weasured in centimeters for wavetengths up to 100 u. Tt wn1ll Le seea from

Fig.229 that, for the shcrter wavelengths, the sc ttering is determined only by the

radius of the particles and is alwost indepeadent of the wavelength (provided thae

the wavelczzth is considersbly less than the radius of the particlea) Maxi

scattering takes place when the wareleagth equals the radius of the scstteriaz

ticles.

for fog with particles uf a radiua of 0 » 0.5 u, the slope of the cuzve for
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. St sverwasETree -, —

the ccefficient k', as a function of the wavelength, 1s given in F1g.230. Obviously,

Leatnnmng with the rezion 0.5 5, the diffusion of long waves decreases, 1.e., the

transparcacy . the reduction 1n daf-

. Far part

[N

205 of g) 255eskE1 i3 . 3 sn G .2
F1g8.229 - Curves for the Relation €' = §( ) at Various Sizes
of the log Droplets

a) Wavelcapth, o

- fusion end the increase in transparcacy take place begine:ng eith the region 1w,

For particles of a radius of ¢ * 2 u, the mayimum scaticricg 1z shiited tovard

lenger wavelenpths (sls=t 2 u). For parcicles of still grester radies, the scatter-

1ng maxiza are shifted still further toverd the long-wave jweiton of the spectrese

1

F12.220 - Felaticn letzsea the Scatteriax function k' and tde
Bavelangth fer Varicus Sizes of Fog Creplets
a) Baseleneth, o

On the tasss of F1ps. 27 2ad 230 tle fellosiae ccoclosicos cea te Jrawm-
The suaiteiing uf 1nfcared tavs 13 consideratly less thes the scatteriag of
z3iz3blc r27z at a redins of the scatteiing particles not evceeliag 0.4 45

Port of she 1nfrared cay~ ft%: l:az-zave caes) are scattered less thea visitle

!

BLEs 8 2 4 §F 6722562

2)
Fig. 23] - Pessage of Infrared kays through a “ataral Light Vst
a) Waveleagth, u; t) Transmisaton, %
" rays if the radius of the particles does sot exceed 2 4,
1f the radaus of the scattering particles is sore thaa 20 1, wavee loager thas
1060 u, i.e. xillizeter radio waves, will pess without excessive scattenag.
Consequently, whea isfrared roys poas through aa atmosphere of reduced trans.

pareacy, the size of the mist droplets 1s of decisive importance.

»$
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Fixure 231 shows the curve of u‘nnsnunon of infrared rays Ly a natuczl laght
maat of optical density 0.4 per kilometer. The graph 1zlicares thet, in a light

2, “

z1at, the transmission of 15{53icd 13ys 218

aa high as 90% 10 the 3-4 u 1¢5160 and 218

equz! to 130% in the §-12 4 repron. The

eviaring abenrptzon lande arc due Lo water

i
_-i-'
A

|

vepor,

Thus, in a ©ast, no iocresse of transe

i
[ [ purencty 25 Y+ eaprcred ior the near in-

- ' frared rays, cdue to the f=ct that, az a

N

5 10 15 20 .5 333 94
a) The radir of wist droplets vary over

F1g.232 - nelation tetween Nucber of

Deoplets per cm® of Mist and Thear

Size of a rading greater tian 25 u are ea-

a) Badiwus of droplets, u; b) Nusber of
particles per cm?

- Mist droplets of a radius of 60 u aad

tule, the particles of mst Lave a radins

greater than 3-5 u.

a wade range, fros 1 to 50 =, iut cropiets

countered relatively zeldom.

* above change into tain drops. ' asurements in heavy fozs, with visibility net ex-

ceeding 2000 m, show that the most frcquestly encountered mist droplets have » ra-

dius equal to 4 u (Fig.232).

Passage of Tnfearcd Hays through Artificial Fogs

Ia 1930, Auderson studicd the passage of visibie and 1nfrared rays throush aa
artificaal aqueous mist. By means of filters, he isolated the bands 0.7-1.2 u ud.
1.05-2.7 u. Ihs problem included deternination of the absorption as a functica of

» concentration and the size of the mist particles.
The data obta:zned by Asderson arz giwes iz Talle 4.
Thus, the presence of small rartacles 1n a fog, together with large particles,

make the fog more transparent for infrared rays then for vasible reys.

50-Yr 2014/03/27 : CIA-RDP81-01043R002800190001-6

It 1]l Le seen frox Tatle 48 that the permestility of fog for 1afrared rays 14

higher thaa for vasitie rays, aad that infrared rays are transsitted sore read:ly
Table 48

Peracab:laty nf Fop 1x % for Iafrared PFavs (Afcer tnderien)

Tazelength

8

:
)
|

wat ~_ |

|
|
)
{

~T12

i
|
poess b
!

Cf weall partacles

.56
i 2.5 o | ou s
|
Of larpe particlus 1 ® 2 | w0 @
M 1

through fox of msil particles thes throuah fop cf larze part-cles.

Section 110, Iransparency of the Atzosphere for Iafrared favs

As a resolt of severs! scasurezenis of the traasparzacy of the utaos;here, 1t
“has teen estabiished that, near the carth’s sorface, the staosphere 13 zore traas-
parent for 1nfrared rays thas for visitle ravs. The resalts of the zessureacnrs are
£23%3 1a the form of curves, in Figa.233 aad 234.

The stove ==terial persits cortaia coaclusions as te ste ability of anfrared
rays to paas throueh the atmosphere.

In the case of a trinsparent atzosphere and also 1 presence of haze and laght
oist, shea the range of visilality is alove 1000 u, :-irared ravs of waveleagths ug
“to alcut 1.5 u are traaosmitted conmiderstiv lerter than vizatle rays. This is ex-
plained ty the f2ct that ths redius of the scatterzng particles is coasideratly leas

ihan 1 u,

Ia a heavy fog, where the wasitility range 13 less thaa 300 w, iefrared ravs of
saveleuptla tp to 1.5 u are completely alauiled, since the racius of the scattening
particles 13 wore thas 1} 4. irirsred rays of saveleagths from 4 to 12 u, depeadiag
oa the hind of fog and the character of the particle-size distritution, may pass
tetter than visikle rayn, 1f particles of szzes saaller than the waveleagths of the

tranesitied vays passing predosisate is the mist.

STAT

07
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In artificaial mists, in which the rodius of the particles dsullly does not ex- they peas woze then 20 times Letter. fiowever, it muat Le Lorne 1n mand that, 1a
ceed 0.2-1u, infrared roys pass better than visille rays; for vevelengths of 2 1, artaficial mists, the particle radius increeses in tins, consing the passage of ia-
. . H

100 frared rays to lecome wore difficult.

onl In ra1n, shen the cinirum portacle radius 18 aporovieately equal to 60 b, ja-
90

o frared roys have no edveatases in tranamission since scattering ro lonper dapends on
4

the wavelength.

Oa the Losmin of ihonm camclurrana, the pasesiylivy of veing 1ntrared rays under

various atsospheric conditions can Le estimated.
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